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Summary 
The proposed, 8000 ha, Weaber Plain (Goomig) farmlands are located north-east of the 
existing, 14 000 ha, Ord River Irrigation Area (ORIA), 30 km from Kununurra in the East 
Kimberley Region of Western Australia.  
In 2008, the Ord Irrigation Expansion Project was approved by the Western Australian 
Government to develop irrigated agriculture on the Weaber Plain. Construction of the M2 
supply channel connecting the ORIA and Weaber Plain, and the final period of irrigation 
design, environmental management and related approval processes commenced later in 
2009. This process followed a protracted period of public and private industry planning and 
environmental assessment (Kinhill 2000). 
As a part of the environmental planning and approvals process, the WA Government was 
required to prepare a groundwater management plan and a hydrodynamic plan. These plans 
were to address potential issues of salinity and water quality that may result from developing 
the proposed farmlands and specifically address new hazard mapping derived from SkyTEM 
airborne electromagnetics (AEM) data by Lawrie et al. (2010). The Weaber Plain 
groundwater modelling report (KBR 2010) identified several options to manage watertables 
and salinity risk. However, both studies identified that the existing groundwater data was 
inadequate for the purpose of substantiating risk and quantifying the impact of options to 
manage shallow watertables and salinity. Soil and subsoil data was also limited, and 
downstream impacts required further evaluation.  
As a result, the Department of Agriculture and Food, Western Australia (DAFWA) was 
requested to lead an investigation program to support a second phase of modelling. The 
project was divided into five phases: two addressing deficiencies related to groundwater, two 
relating to soils/subsoils and one addressing surface and groundwater quality aspects. Of the 
issues related to groundwater, uncertainty existed over the location, hydraulic properties and 
yield of the palaeochannel aquifer and permeability in the northern area of the proposed 
development where the aquifer was forecast to be absent (Lawrie et al. 2010). Aquifer 
recharge processes (conceptualisation) and related changes in groundwater dynamics were 
also to be evaluated.  
This project found that the major palaeochannel was generally well mapped by interpreted 
AEM data (Lawrie et al. 2010) and contained high permeability sands and gravels capable of 
high yields (up to 50 L/s) from production wells. The drilling confirmed the AEM interpretation 
of clay-dominated sediments in the north-west, though drilling identified a discrete calcarenite 
aquifer in some areas along Border Creek. While of lower permeability and limited extent in 
comparison to the palaeochannel, this aquifer is capable of supporting a low-yield well-field. 
Groundwater levels were found to be between 3 and 15 m below ground within the proposed 
farmlands. The groundwater is typically of a low salinity (less than 1100 mg/L) in surficial 
aquifers, although high salinities (up to 11 000 mg/L) were measured in deep groundwater 
and in some areas of shallow basement adjacent to Border Creek. 
Analysis of groundwater conditions on the Weaber Plain, downstream of Cave Spring Gap, 
reveals watertables have risen by 5–10 m since monitoring started in 1964. Up until the mid-
1990s, localised groundwater level rise was solely attributed to aquifer throughflow and 
flooding near the Cave Spring Gap (KBR 2010). However, after mid-1990s, groundwater 
level rise was also observed in areas remote from the influence of the ORIA (Border Creek, 
Eastern Weaber Plain, Knox and Keep Plains). Rainfall analysis indicates rises in these 
areas are caused by much wetter than average rainfall patterns since the mid-1990s and the 
subsequent flooding and recharge.
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1. Introduction 
In 2008, the Ord Irrigation Expansion Project was approved by the Western Australian 
Government to develop irrigated agriculture on the Weaber Plain. Construction of the M2 
supply channel connecting the Ord River Irrigation Area (ORIA) and Weaber Plain, and the 
final period of irrigation design, environmental management and related approval processes 
commenced later in 2009. 
In late 2009, the Department of Agriculture and Food, Western Australia (DAFWA), with 
partners Kellogg Brown and Root Pty Ltd (KBR), undertook to deliver a groundwater 
management plan and contribute to the completion of a hydrodynamic plan to ensure 
sustainable development of the project area. 
The requirement for these plans had been first established by the Environmental Protection 
Authority as part of the process of evaluating the Wesfarmers Marubeni project (Kinhill 
2000). During this period, KBR and others had begun to address the joint issues of salinity 
and water quality within the agricultural area, surrounding conservation buffers and 
downstream Keep River. In addition to the current requirement of an environmental impact 
statement by the State Government, the proposal has to meet environmental conditions of 
the Commonwealth Government, namely those related to the Environmental Protection and 
Biodiversity Conservation Act 1999 and also address any concerns of the Northern Territory 
Government. 
Preparation of the groundwater management plan was undertaken in two stages. Stage 1 
was completed in February 2010 by KBR and consisted of a suite of groundwater model 
simulations using updated water level, regolith and climate data informed by works by Lawrie 
et al. (2010) and CSIRO (2009). The resulting report identified several options to manage 
watertables and salinity (KBR 2010). However, it also identified that some existing 
groundwater data was inadequate for the purpose of substantiating modelled options to 
manage shallow watertables and salinity. Soils data was also limited and downstream 
impacts required further evaluation to support improved farm design and the environmental 
approval process. 
Specifically, KBR (2010) identified the priority groundwater-related gaps needing further 
investigation as: 
1. conceptualisation of aquifer recharge processes 
2. location and aquifer characteristics of the palaeochannel 
3. location and characteristics of sediments in Border Creek 
4. location and characteristics of sediments in the southern Weaber Plain 
5. aquifer properties and potential bore yields 
6. Aquifer geochemistry. 
KBR (2010) also identified deficiencies in existing soils and surface water quality data. To fill 
the identified gaps, the following were required: 
7. improved characterisation of the Weaber Plain soil and subsoil 
8. soil and subsoil chemistry of the proposed farmlands area 
9. water chemistry of drainage and run-off waters from the ORIA 
10. Water chemistry of the Border Creek and Keep River. 
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Investigating these 10 gaps formed the basis of Stage 2 of preparing the groundwater 
management plan. Stage 2 was completed in October 2010 by the Agricultural Resource 
Risk Management Division of DAFWA and consisted of a program of field work and 
subsequent modelling. This project was divided into five phases: two relating to groundwater, 
two related to soils, and one addressing water quality aspects:  
• Phase 1—Evaluate the aquifer conditions  
• Phase 2—Assess the aquifer properties 
• Phase 3—Investigate the soil distribution, properties and limitations  
• Phase 4—Test drainage options and engineering design 
• Phase 5—Monitor and evaluate drain, river and aquifer water quality. 
This report details the results of the drilling and monitoring undertaken to fulfil Phase 1 which 
addresses Gaps 1–4. Other Resource Management Technical Reports (RMTR) detail the 
results of the phases 2, 3 and 5: 
• RMTR 367: Weaber Plain aquifer test results (Paul et al. 2011)—addresses Phase 2 and 
Gap 5 
• RMTR 368: Hydrochemistry of the Ivanhoe and Weaber Plains (Lillicrap et al. 2011)—
addresses Phase 5 and Gap 6 
• RMTR 369: Soil assessment of Weaber Plain farmlands (Smolinski et al. 2011)—
addresses Phase 3 and Gaps 7–8 
• RMTR 370: Surface water characteristics of the Weaber Plain and Lower Keep River 
Catchments (Bennett & George 2011)—addresses Phase 5 and Gaps 9–10 
The results from Phase 4 are reported in KBR (2011): Weaber Plains groundwater modelling 
report – final. 
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2. Background 
The Ord River Irrigation Area (ORIA) is located in the Kimberley region of the north-west of 
Western Australia, near the town of Kununurra (Figure 1). The irrigation area was 
established in 1963 with the release of five farms and developed to the present extent of 
14 000 ha. 
The Weaber Plain (Goomig) is located north-east of the existing ORIA, 30 km from 
Kununurra. The area had been identified to be suitable for irrigated agriculture for many 
decades. However, it was not until 2008 that the Ord Irrigation Expansion Project proposal to 
develop 8000 ha of the Weaber Plain was approved by the Western Australian Government. 
Developing this area is seen as the first of several other areas (Ord West Bank, Mantinea, 
Carlton, Knox, Keep River, Cockatoo sands) to be developed, leading to the potential for 
irrigation of an additional 52 000 ha. Demand for irrigation water supply from Lake Argyle has 
been calculated at 80–120 GL for the Weaber Plain and up to 865 GL for the entire proposed 
irrigation area. 
 
Figure 1 Study area locality map 
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2.1 Rainfall 
The climate is semi arid, dry tropics. Two distinct seasons occur; the ‘wet’ monsoonal period 
from November to April when 90 per cent of the annual rainfall occurs, and the ‘dry’ from May 
to October. Annual pan evaporation is 2800–3000 mm. 
2.1.1 Historical rainfall 
Rainfall data from recording stations in the Kununurra area was sourced from the Bureau of 
Meteorology and analysed (DAFWA 2011). The Ivanhoe Station data is reported, as it is the 
closest to the Weaber Plain (36 km west) and has the longest continuous record. The long-
term average annual rainfall (1907–2010) at this station is 800 mm, and ranges from 355 to 
1545 mm. 
2.1.2 Recent rainfall trends 
A distinct increase in annual rainfall at Ivanhoe Station was observed after 1993 and is 
shown by plots of the 10-year moving average and Accumulative Annual Residual Rainfall 
(Figure 2). Some informative rainfall statistics for Ivanhoe Station are: 
• the average annual rainfall for 1993–2010 is 990 mm 
• 1993–2010 is 29 per cent wetter than 1907–1992 (99 per cent confidence level) 
• 1993–2010 is 35 per cent wetter than 1963–1992 (99 per cent confidence level) 
• 1993–2010 contains 6 of the wettest 13 years on record, all of which are above the 88th 
percentile 
• 1997–2007 contains 4 of the wettest 6 years on record, all of which are above the 95th 
percentile. 
Figure 2 also shows that even though the period 1907–1926 was also continually wetter than 
average, it did not contain the consecutive runs of extremely wet years observed since 1993. 
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Figure 2 Rainfall record (1907–2010) for Ivanhoe Station (PDD 002013) 
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2.2 Bedrock geology 
Bedrock and regolith geology of the area is highly variable (Lawrie et al. 2010) (Figure 3). 
Bedrock structure comprises extensively faulted sediments, with minor volcanics (Mory & 
Beere 1988).To the north and east of the Weaber Plain, bedrock consists of Palaeozoic 
sediments of the Bonaparte Basin (Mory & Beere 1988). Underlying the Weaber Plain, and to 
the south, the Proterozoic Pincombe Inlier dominates the bedrock.  
The Proterozoic Pincombe Inlier is part of the Carr Boyd Group and consists of siliceous 
siltstone and fine-grained sandstone, micaceous shale and quartz sandstone (Plumb & 
Veevers 1971). Stonewall Sandstone of the Carr Boyd Group outcrops at Brown Ridge. 
Cambrian Antrim Plateau Volcanics outcrop to the west and underlie the south-eastern part 
of the Weaber Plain, and consist predominantly of massive, vesicular and porphyritic basalt, 
with minor agglomerate, siltstone, sandstone, tuff and chert (Mory & Beere 1988). 
Carboniferous Weaber Group sediments are present under the northern Weaber Plain and 
consist mainly of shale and sandstone, with minor siltstone, conglomerate and limestone 
(O’Boy et al. 2001). The Weaber Group sediments occur in the upper portion of the 
Bonaparte Basin and are a very thick unit divided into shale- and sandstone-dominated 
sequences. The shale-dominated Milligans Formation occurs at its base, coarsening upward 
into the sandstone sequences of the Burvill Formation (Mory & Beere 1988) and the Sunbird 
Formation (Gorter et al. 2005). 
The Milligan Formation is the main unit underlying the surficial sediments in the northern 
Weaber Plain. This formation consists of grey to black silty shale and siltstone, which is 
locally calcareous, gypsiferous or pyritic (Mory & Beere 1988). 
The Point Spring Sandstone Formation of the Wadeye Group of sediments outcrops on the 
northern boundary of the Weaber Plain (Gorter et al. 2005). This formation consists of quartz 
sandstone, pebbly quartz sandstone, and minor conglomerate and siltstone (Mory & Beere 
1988). The Border Creek Member is the conglomeritic upper part of the formation (Cockbain 
1985), which distinguishes the unit (Mory & Beere 1988). 
In the north-east and north-west of the Weaber Plain, bedrock consists of Devonian Ningbing 
and Cockatoo Group sediments (Lawrie et al. 2010). The Ningbing sediments are a reef 
complex of Famennian carbonates with calcarenite and limestone facies (Plumb & Veevers 
1971). The Cockatoo sediments consist of quartz sandstone, conglomerate, limestone, and 
dolomite (Plumb & Veevers 1971). 
Above the largely Proterozoic and Palaeozoic bedrock of the Weaber Plain lies a relatively 
thin sequence of unconsolidated Cainozoic sediments (Table 1). These sediments infill a 
proto-valley of the Ord and Keep River catchments and generally fine upward from coarse 
gravels and sands deposited by the Proto Ord River to silts and clays. The fine-grained 
sediments are derived locally from the surrounding Border Creek Catchment and Pincombe 
and Weaber Ranges (O’Boy et al. 2001; Lawrie et al. 2010). 
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Figure 3 Weaber Plain bedrock geology (based on Lawrie et al. (2010)). Refer to Table 1 for details on geological units.  
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Table 1 Weaber Plain bedrock geological units 
Era Period Group Formation Unit 
Pa
la
eo
zo
ic
 
Carboniferous Wadeye Point Spring Sandstone  Cup 
Weaber Burvill Clr 
Milligans Clm 
Langfield Enga Sandstone Cle 
Burt Range Clb 
Devonian Ningbing Ningbing—undifferentiated Dun 
Buttons Dub 
Cockatoo Cockatoo—undifferentiated Duc 
Cambrian Carlton Carlton—undifferentiated Cc 
Goose Hole Antrim Plateau Volcanics Cla 
P
ro
te
ro
zo
ic
 Early – middle 
Proterozoic 
Carr Boyd Pincombe Pcp 
Stonewall Sandstone Pcs 
Early Proterozoic Bastion Wyndham Shale Ptw 
Kimberley King Leopold Sandstone Pkl 
2.3 Physiography 
The proposed Weaber Plain farmlands development lies to the west of the Western Australia 
– Northern Territory border and encompasses a broad system of alluvial soils which form 
part of the Keep River catchment. 
The Weaber Plain is a relict alluvial plain (Smolinski et al. 2011) within the Cambridge Gulf 
Lowlands Soil-landscape Zone (Tille 2006). It extends from Cave Spring Gap in the west to 
the Keep River in the east. The Weaber Plain contains proto-valley sediments. The main 
stratigraphic unit is referred to as the Ord palaeochannel, formed when the Ord River 
previously flowed through Cave Spring Gap and into Joseph Bonaparte Gulf east of where 
the Keep River now discharges (Tickell et al. 2007). 
2.3.1 Topography 
The Weaber Plain sits at 25 m AHD (Australian Height Datum) in the west, sloping to 20 m 
AHD in the east at the state border. It is bounded to the north by the Weaber Range and to 
the south by the Cave Spring and Pincombe Ranges (Figure 4). Brown Ridge (also referred 
to as Folly Rock), is an inlier of the Pincombe Range that outcrops in the middle of the 
Weaber Plain forming a prominent hill. A smaller outcrop of bedrock, referred to as 
Limestone Rocks, occurs in the north-east of the Weaber Plain. This bedrock outcrop 
consists of a narrow north to north-westerly trending belt of Ningbing Limestone surrounded 
by pediments. 
The Pincombe and Cave Spring Ranges are cuestas (ridges formed by gently tilted 
sedimentary rock strata) modified by strike faults (Plumb & Veevers 1971) and rise up to 
250 m AHD, while the Weaber Range rises up to 150 m AHD. All are steep-sided ridges with 
little soil cover and sparse vegetation. Colluvial fans from the surrounding ranges fringe the 
plain (O’Boy et al. 2001), but don’t extend very far onto it, creating a well defined boundary to 
the clay-dominated soils of the plain (Lawrie et al. 2010). 
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Figure 4 Location of proposed farms, existing bores, and monitoring and production bores drilled in 2010 
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2.3.2 Soils 
Cununurra and Aquitaine clays are the most common soil series occurring on the Weaber 
Plain (Dixon 1996; Smolinski et al. 2011). Cununurra clays are commonly very dark greyish 
brown to dark brown, self-mulching, cracking clays. Aquitaine clays are dark grey mottled, 
coarse-structured clays that are subject to relatively long periods of inundation (Smolinski et 
al. 2011). These soils are classified as black and grey Vertisols. Smolinski et al. (2011) 
provides more detailed descriptions of the Weaber Plain soils. 
2.3.3 Drainage 
The Weaber Plain is located within the 1032 km2 Border Creek catchment, which is a sub-
catchment of the 5082 km2 Keep River catchment (GHD 2010). There are no incised 
channels across the Weaber Plain, except towards the north-east where Border Creek 
becomes more defined as it heads eastward towards the Keep River. 
The main inflows onto the Weaber Plain, which occur during the wet season, originate from 
Sandy Creek to the north-west, Gum Creek to the north, with some minor inflows originating 
from Pincombe Creek to the south. Additionally, overflow from the ORIA (D8 drain discharge) 
and surrounding hills flows north-east towards Border Creek. Some of this water is 
temporarily impounded in a connected series of lowland swamps in the western part of the 
plain. In average years, these flows spread out as sheet flow across the plain (Lawrie et al. 
2010) and have low peak velocities of 0.1–0.2 m/s (GHD 2010). These flows cause localised 
seasonal flooding and inundation. In wetter years (such as 2010–11), inundation extends 
across the entire plain and velocities increase in localised areas. 
Stream gauging records collected by the Northern Territory Department of Natural 
Resources, Environment, The Arts and Sport since the 1960s, show that Border Creek 
(G8100106) and Keep River (G8100225) are dominated by flow regimes restricted to the wet 
season (Figure 5). The mean annual flow of the Keep River at Legune Road crossing, just 
upstream of the confluence with Border Creek, is about 430 GL and varies between 16 and 
1613 GL in response to wet season rainfall (Bennett & George 2011).  
Analyses of the Border Creek and Keep River daily flow volumes indicate that, on average, 
the flow from Border Creek is only 10 per cent of that of the Keep River. This gauging data 
indicates that, per unit area, the Border Creek catchment is much less responsive to rainfall 
than the Keep River catchment and contributes a relatively small volume of surface water 
flow to the Keep River (Bennett & George 2011).  
There is no groundwater baseflow in Border Creek and it contains no significant permanent 
pools (Bennett & George 2011). However, the Keep River contains a series of four pools, 
three dominated by tidal influences (K1 to K3) and one by riverine processes alone (K4). The 
latter, K4, extends 1.5 km upstream from the Legune Road crossing and since 2000 has 
been permanently receiving groundwater inflow at low rates (about 25 L/s) in the dry season. 
Increased rainfall since the mid-1990s is responsible for this change in flow. Bennett and 
George (2011) describe in more detail the hydrology and chemistry of these pools. 
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Border Creek (G8100106) and Keep River (G810225) Monthly Flows
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Figure 5 Border Creek and Keep River monthly flow hydrograph 
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3. Methods 
3.1 Drill site selection 
Four target areas for drilling were determined by interpretation of the existing hydrogeological 
reports (Humphreys et al. 1995; O’Boy et al. 2001), patterns in the SkyTEM airborne 
electromagnetics (Lawrie et al. 2010) and related data (Laws 1983; Nixon 1997). Sixteen 
sites were drilled in June–July 2010 and four sites were drilled in October 2010.  
In the Weaber Plain, prior investigations had interpreted the position of the Ord 
palaeochannel, a gravel-filled aquifer that discharges water to the Keep River and/or Joseph 
Bonaparte Gulf. It was thought to be extensive and exist to the north and south of Brown 
Ridge (O’Boy et al. 2001). However, Lawrie et al. (2010) challenged the view that the 
palaeochannel was as extensive and as permeable as previously understood. They asserted 
it was confined to the west and south of the Weaber Plain. For the success of the 
groundwater management plan, it was critical to confirm the existence of the aquifer, that its 
location could be defined by the geophysics, and that its permeability was defined and 
represented accurately in the second stage of modelling. To test these attributes, drilling was 
conducted across the palaeochannel at a narrow neck south of Brown Ridge (Line 1: 4 sites) 
and within a broad alluvial feature (Line 2: 7 sites) that occurs under the proposed farmlands 
down-gradient of the Cave Spring Gap. 
At each site, holes were drilled to bedrock, the lithology was logged, and where aquifer yield 
made it feasible, a production bore was installed. At production bore sites on Line 2 
(10WP35PB and 36PB) the aquifer was pump tested to determine its hydraulic properties 
(long-term yield, transmissivity, hydraulic conductivity and specific yield—refer to Paul et al. 
2011) in both gravely and sandy phases of the palaeochannel system. 
The third area investigated lies to the north of Brown Ridge and to the south and west of the 
Point Springs Nature Reserve. This area is referred to as Border Creek, or by the names of 
the nearest proposed lots. Drilling at seven sites (10WP38–42, 10WP46 and 47) was 
undertaken to test the extent and depth of alluvial deposits related to a large catchment to 
the north-west, and to define a geophysical feature interpreted as low permeability sediment 
(Lawrie et al. 2010). 
The final area investigated was to the south, on Lots 19 to 21. The area is a broad plain of 
cracking clay soils that occur along the southern boundary of the Weaber Plain, below the 
Pincombe Range. Two drill holes (10WP43 and 44) were located here to test for the 
presence of aquifers and/or depth to watertable. 
3.2 Drilling methods 
Drilling was carried out by a commercial contractor, Direct Drilling Australia Wide Pty Ltd., 
using a Hydco 70 drilling rig. Because of regolith variability, three different drilling techniques 
were employed: air core (10WP31, 32, 43 and 44), mud rotary (10WP32PB, 33, 35N, 35PB, 
35S, 36N, 36PB, 36S, 37, 42, 46 and 47) and rotary air blast (10WP38, 39, 40 and 41). The 
air core drilling used a 115 mm diameter drill bit, the mud rotary drilling used 143 mm, 
178 mm or 194 mm diameter drill bits for the monitoring bores and a 317 mm diameter drill 
bit for the production bores, and rotary air blast drilling used a 178 mm diameter drill bit. 
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3.3 Drill samples 
Samples from drilling were taken every metre. One bulk sample was bagged for subsequent 
drying and analysis and smaller sub-samples were taken and stored in chip-trays. Chip-trays 
are stored at DAFWA’s Bunbury Regional Office. 
3.4 Bore construction and development 
Bores were named using the standard DAFWA convention—year drilled–location–number–
type. Thus, bore 10WP36PB is ’2010–Weaber Plain–site 36–production bore’. Suffixes were 
added—north (N) and south (S)—where monitoring holes were located at pumping test sites. 
The monitoring bores were constructed with either 50 mm diameter; class 18 PVC threaded 
casing or 100 mm diameter, class 12 PVC casing. Screens for the monitoring bores were 
comprised of the same material as the blank casing and were perforated by machine-made 
horizontal slots, 0.5 mm aperture in the 50 mm diameter casing, and 1.0 mm aperture in the 
100 mm diameter casing. The annulus of all monitoring bores was back-filled with 2–4 mm 
graded sand to at least 1 m above the top of the screened section. A bentonite seal was then 
placed on top of the gravel pack. The remaining annulus was backfilled with drill-cuttings to 
2–4 m below ground and then cement grouted to the surface. A 1 m long, lockable metal 
standpipe was installed over the casing to a depth of 400 mm and cast into a 500 mm wide 
by 400 mm deep concrete pad. 
The production bores were constructed with 200 mm diameter, class 12 PVC casing and 
JohnsonTM wire-wound stainless steel screens with a 1 mm aperture. The annulus around the 
production bore screens were back-filled with 2–4 mm graded sand to at least 2 m above the 
top of the screened section, with a bentonite seal placed on top of the gravel pack. The 
remaining annulus was cement grouted to the surface and a steel collar was installed over 
the casing to a depth of 400 mm and cast into a 500 mm wide and 400 mm deep concrete 
pad. 
At least one centraliser per 6 m casing length was placed on all bore casings to ensure that 
the gravel pack was evenly distributed around the slotted section and that the slotted section 
did not come into contact with the aquifer formation. 
Monitoring and production bores were developed using surging and/or air-lifting until the 
discharge water was clear and sand free, with flow rates taken at regular intervals. At 
production bore sites, flow rates were measured with a 90° orifice weir plate. Sediment was 
sampled from 20 L drums placed into the flow at the casing and recorded every 10 minutes. 
The amount and changes in sediment volume were assessed for at least 60 minutes or until 
the discharge was sediment free. 
Summary bore construction details are provided in Table 2. Full geological and construction 
details are contained in Appendix A. 
3.5 Groundwater sampling and level monitoring 
At completion of bore development, a one-litre water sample was taken for preliminary 
analysis of pH and salinity as electrical conductivity (EC) and estimated total soluble salts 
(TDS). All bores drilled in June–July were re-sampled between 28/08/2010 and 01/09/2010 
and samples sent to the Chemistry Centre of Western Australia for a comprehensive suite of 
analyses (refer to Lillicrap et al. 2011). 
Initial groundwater levels in all new monitoring and production bores were taken no more 
than a week after bore construction and again after the drill program was completed. 
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3.6 Groundwater level analysis 
Groundwater level changes were interpreted for trend analysis, conceptualisation of the 
numeric model and to provide a pre-development calibration dataset. Time series analysis 
was undertaken on bores where a significant length (> 5 years) of data recorded was 
available from the Department of Water’s Water Information Network (WIN) database. This 
analysis was possible for 34 bores drilled in the Weaber Plain and nearby areas. Recorded 
monitoring periods of up to 35 years exist for bores near Cave Spring Gap, although most 
bores only have records dating from the mid-1990s (Nixon 1997). The number of 
observations per bore was typically between 10 and 20, with a range of 2 to 75. 
3.7 Access and surveying 
Drilling rig and workforce access was provided by constructing tracks along existing 
alignments (for example, seismic lines and station fence lines) and/or by constructing new 
tracks and drill rig pads. Northern Development Co. contracting used a D8 bulldozer and/or 
grader equipped with a satellite guidance system to provide highly accurate positioning of 
tracks along proposed farm boundaries. 
All drilling sites were surveyed and pegged by a licensed land surveyor (Survey North), using 
a Trimble® R6 GPS with real-time kinematic surveying function. The top of casing (TOC) and 
concrete pads (ground level) of all newly completed bores were also surveyed by Survey 
North using the Trimble® R6 GPS system, providing a 30 mm vertical and 20 mm horizontal 
accuracy. 
All bores were surveyed using the Geocentric Datum of Australia 1994, Zone 52, and all 
heights are referenced to the Australian Height Datum (AHD). 
Weaber Plain hydrogeology 
14 
4. Results and discussion 
This section discusses the results of the 2010 drilling and subsequent evaluation against the 
major gaps identified in the Stage 1 modelling report (KBR 2010). It considers the Weaber 
Plain project results, in relation to the priority groundwater related gaps 1–4, by comparing 
them with previous evaluations of the hydrogeological conditions of the Weaber Plain and 
nearby areas undertaken by Laws (1983), Humphreys et al. (1995), Nixon (1997), O’Boy et 
al. (2001), Tickell et al. (2007), Lawrie et al. (2010) and KBR (2010), and unpublished data 
from both the WIN and the NRETAS groundwater databases. 
Drilling results from this project were used to establish a conceptual model of recharge, 
which was subsequently used by KBR (2011) to build the numerical model of the proposed 
Weaber Plain farmlands development. 
For ease of description of the results, we refer to locations within the Weaber Plain using 
nomenclature related to major geographical features (for example, Brown Ridge, Border 
Creek) and cadastral land units of the proposed farmlands (for example, Lot 1, 2). In all 
reports, Brown Ridge refers to the large sandstone hill within the proposed farmlands and 
Border Creek refers to the main catchment waterway that originates 30 km to the north-west 
of the Weaber Plain and discharges in the Keep River to the east (O’Boy et al. 2001; Lawrie 
et al. 2010). These two features have had several alternative names in historic reports, with 
Brown Ridge and Folly Rock, and Border Creek and Sandy Creek being used 
interchangeably. Sandy Creek is omitted to avoid confusion with a major sub-catchment of 
the Keep River in the Northern Territory, and Pincombe Creek is used when referring to the 
drainage line within the southern Weaber Plain. The D8 swamp is the area of intermittent 
inundation caused by the discharge of excess irrigation water from the ORIA Stage 1 to the 
southern Weaber Plain via the D8 drain. 
Major physical features and site nomenclature are presented in Figure 4. Bore construction 
details of the four production bores and 16 monitoring bores installed and tested between 
June and October 2010 are summarised in Table 2. 
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Table 2 Bore construction details 
Bore ID Easting 
(GDA 94) 
Zone 52 
Northing 
(GDA94) 
Zone 52 
Elevation 
TOC (m 
AHD) 
Date 
drilled 
Depth 
drilled 
(m BGL) 
Casing 
length (m) 
TOC from 
concrete  
(m) 
Screen 
from     
(m BGL) 
Screen to 
(m BGL) 
Screened 
strata 
10WP31 486515.07 8289745.52 25.95 21/06/10 23.2 23.35 0.50 22.85 16.85 sands/gravels 
10WP32 486513.07 8290520.26 26.25 25/06/10 24.5 23.99 0.58 23.41 17.41 sands/gravels 
10WP32PB 486513 8290535 26.27 02/10/10 23.0 21.10 0.60 20.50 8.50 sands/gravels 
10WP33 486514.53 8290136.24 25.99 28/06/10 31.7 28.95 0.49 28.46 19.46 sands/gravels 
10WP35N 481886.49 8288653.06 27.09 07/07/10 18.0 18.54 0.43 18.11 12.11 sands/gravels 
10WP35PB 481887.62 8288568.84 27.18 05/07/10 35.0 27.83 0.47 27.36 9.36 sands/gravels 
10WP35S 481886.87 8288526.76 27.13 02/07/10 29.5 26.29 0.46 25.83 16.83 sands/gravels 
10WP36N 481885.54 8289635.96 26.50 30/06/10 35.6 29.74 0.52 26.22 14.22 sands/gravels 
10WP36PB 481885.68 8289596.31 26.50 08/07/10 29.0 20.80 0.44 20.36 14.36 sands/gravels 
10WP36S 481885.61 8289516.75 26.56 10/07/10 18.0 18.70 0.62 18.08 12.08 sands/gravels 
10WP37 481886.38 8289026.66 26.88 12/07/10 18.0 16.86 0.67 16.19 10.19 sands/gravels 
10WP38 486098.71 8294961.01 23.68 13/07/10 48.0 48.58 0.52 48.06 42.06 siltstone 
10WP39 486098.17 8295716.03 23.85 15/07/10 33.0 18.66 0.59 18.07 6.07 calcarenite 
10WP40 481572.65 8295994.59 25.76 15/07/10 7.3 7.58 0.50 7.08 4.08 clay/quartzite 
10WP41 483697.97 8295561.54 24.59 15/07/10 7.3 6.67 0.47 6.20 3.20 clay/silt 
10WP42 487500 8295383 23.22 28/09/10 35.0 32.75 0.42 32.33 
20.33 
26.33 
15.33 
sandy clay 
10WP43 489290.66 8287718.88 24.47 26/06/10 17.3 10.24 0.51 9.73 6.73 sandy clay 
10WP44 490992.84 8289155.37 24.56 26/06/10 15.7 16.22 0.51 15.71 12.71 silt/fine sand 
10WP46 486609 8295879 23.30 29/09/10 36.0 28.90 0.35 28.55 12.55 sandy clay 
10WP47 488298 8295577 23.17 01/10/10 36.0 34.00 0.32 34.00 28.00 sandy clay  
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4.1 Aquifer conceptualisation and groundwater recharge 
4.1.1 Previous investigations 
Published accounts of the hydrogeology of the Weaber Plain and nearby areas indicate that 
groundwater occurs within two dominant systems: aquifers within unconsolidated sediments 
located along modern and palaeodrainage systems (Cainozoic) and aquifers within 
basement rocks (Palaeozoic to Proterozoic). 
In the Weaber Plain, Laws (1983) and Nixon (1997) identified a complex assemblage of 
sediments overlying highly variable basement topography. Together their reports identify four 
common regolith – aquifer units. From the ground level downward, the units and their typical 
depth ranges (in brackets) can be summarised as: black cracking soils (0–2 m), red-brown 
clays (2–10 m), poorly sorted and fine-textured alluvium (5–30 m), sands and gravels 
(2-30 m). 
The alluvium overlies Proterozoic sandstones (various groups and formations), Devonian 
limestone, Carboniferous shales and Cambrian volcanics. Sandstones are dominant in the 
majority of the Weaber Plain (Lots 15–22), with limestone (north-east parts of Lot 8 and 
south-west parts of Lot 9), shales (beneath Lots 9–23) and Antrim volcanics (underlying parts 
of Lots 6, 8, 16, 19 and 20) (Lawrie et al. 2010 and Figure 3). 
Laws (1983) reported that depth to groundwater within the Cainozoic alluvium was relatively 
deep (12–19 m BGL), with a hydraulic gradient from west (Cave Spring Gap) to east (Keep 
River). Laws described the aquifers as located within discrete flow systems and containing 
water derived from lateral through-flow (to the west) and rainfall recharge (to the east). In 
areas to the north of Border Creek, a shallower watertable (8 m BGL) was attributed to the 
sandy nature of the surficial soils in that area. 
Prior to the analysis presented here and in Appendix B, recharge processes had not been 
studied within the Weaber Plain. Laws (1983) noted that significant groundwater rise (more 
than 0.2 m/yr) had occurred by the 1980s in the western areas (Lots 22, 1 and 2) near Cave 
Spring Gap, and attributed this rise to aquifer through-flow generated by recharge from 
irrigation infrastructure and farmlands in the ORIA. The amount contributed (water balance 
estimates) by each source equated to 270 mm from channel leakage (Banyard 1983) and 
100–350 mm from irrigation (Laws 1983). 
Groundwater salinity variations have also been used to postulate variable recharge and 
basement conditions. Laws (1983) and Nixon (1997) note that aquifer salinity across the 
Weaber Plain ranges from less than 1500 mg/L to more than 20  000 mg/L. Low salinities 
(100–1000 mg/L) are associated with palaeochannel or sandy sediments, while higher 
values (more than 1000 mg/L) occur where it is absent. The exception to this association 
occurs in an area to the east of Lot 14. Here, the highest observed salinity levels (WP19—
20 000 mg/L and WP15—15 650 mg/L) occur within the palaeochannel and related 
sediments under and north-east of Lot 23. Lawrie et al. (2010) and Nixon (1997) note 
Milligans Foramtion shale in this area. 
Under vegetated areas of the Keep River Plain, Humphries et al. (1995) and Tickell et al. 
(2007) identified recharge to be of the order of 1–40 mm/yr. Lower rates were postulated 
from the low hydraulic conductivity black soils, although the authors note that recharge was 
possible after prolonged periods of inundation. Higher rates (up to 40 mm/yr) were attributed 
to rainfall-recharge into porous sub-cropping and outcropping areas of the Palaeozoic 
sandstones. These recharge rates were determined using the chloride method. 
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4.1.2 Results 
The 2010 drilling confirmed the general groundwater level pattern noted by Laws (1983) and 
Nixon (1997). That is, a system where aquifer flows from the ORIA enters the western 
Weaber Plain and accumulates west of Brown Ridge. Elsewhere, a regional easterly flow 
occurs without a large groundwater influence of the ORIA.  
The 2010 drilling and analysis of historic data revealed that the depth to groundwater is now 
much shallower than observed by Laws (1983) and Nixon (1997). Water levels are now 
between 4 and 5 m BGL along the eastern edge of Lots 2 and 6 (bores 10WP35–37), 9-10 m 
BGL between Lots 5 and 18 (bores 10WP31–33), 2–3 m BGL north of Lot 9 (bores 10WP40 
and 41) and 6–10 m BGL beneath Lot 9 (bores 10WP38 and 39). Two bores (10WP43 and 
44) drilled along the eastern boundary of Lot 20 and south of Lot 21 were dry, with basement 
reached at about 15 m BGL. 
Analysis indicates that groundwater levels have risen 5–14 m near Cave Spring Gap and the 
adjacent Weaber Plain since monitoring commenced in the mid-1960s, with much of that rise 
occurring since the mid-1990s. In particular, increases of 5 to 8 m have occurred on or 
adjacent to Lots 1–8 (D8 swamp) and in the upper Border Creek area (Lot 9). In the lower 
Weaber Plain (east of Lots 18 and 14) and Knox Creek, increases have been 2–7 m 
(Figure 6; Table 3). 
Rates of rise are related to location and time period. Bores monitored prior to the mid-1990s 
show nil or lower rates of watertable rise (less than 0.2 m/yr), attributable to relatively lower 
rainfall (but equal to long-term average), from that which has occurred since the mid-1990s. 
Some of this recent rise near Cave Spring Gap and the west Weaber Plain is attributed to 
aquifer through-flow. However, most is attributed to increased rainfall-recharge, as depicted 
by a sharp rise in watertables in association with a major change in Accumulative Monthly 
Residual Rainfall (AMRR) (Figure 6). 
After the mid-1990s, with years of extreme rainfall (1999–2002, 2006 and 2010), average 
rainfall increased by up to 30 per cent. As a result, inundation and flooding have been 
observed more frequently and to a greater depth across the plain. Rates of groundwater rise 
reflect this changed water regime. The highest rates of rise (0.4–0.7 m/yr) have occurred in 
the western and northern areas (Lots 1–9), moderate rates (0.3–0.5 m/yr) in the southern 
Weaber Plain, and lower rates (0.1–0.25 m/yr) in the lower Border Creek, eastern Weaber 
and Knox Plains.  
Selected water level responses for bores within the Weaber Plain and AMRR (for Ivanhoe 
Station) indicates that: 
• Near Cape Spring Gap, the groundwater rise starts in the 1960s because of clearing and 
irrigation in the ORIA Stage 1. 
• Near the D8 swamp, the rise also starts in the 1960s because of clearing and irrigation in 
the ORIA Stage 1, then accelerates around 1993 in response to increased wet season 
rainfall (AMRR more than zero) and seasonal expansion of surface water onto dry soils 
around the entire D8 swamp valley, which creates a recharge pulse. This process is 
continuing. 
• Between the D8 swamp and Brown Ridge, groundwater levels were static until about 1993 
when rainfall increased, indicating little or no influence of the ORIA Stage 1 development. 
• In the Border Creek area, groundwater levels have been rising since records began in the 
mid-1960s, but are not related to the ORIA Stage 1 development, because it is up-
gradient of the ORIA.  Impacts from hydrologic changes from cattle grazing are inferred, 
but not confirmed. 
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• In the lower Weaber and Knox Plains, rises start after large floods in 1999–2000, but are 
smaller in magnitude than those observed further west. This rise likely reflects depth to 
groundwater level and high transmissivity of the aquifer in this area. 
4.1.3 Recharge conceptual model 
The evidence indicates that since 1993–94, significant recharge has occurred within the soils 
of the Weaber Plain and that this recharge is the cause of much of the watertable rise 
observed. Recharge through macro-structures in black soil clays—especially where they 
overlie alluvial sands—associated with enhanced inundation and flooding during recent high-
rainfall phases, is implicated as the primary conceptual model driving recharge. Specifically, 
areas with the greatest recharge are the extensively inundated Cununurra soils (Lots 1–6) 
and Aquitaine soils adjacent to or within close proximity to areas of sand (for example, north 
of Lot 9). 
The conceptual model is based on: 
• Patterns and timing of groundwater rise in the Weaber Plain and WA–NT manual and 
datalogged bores. These bores provide evidence of large regional increases in 
watertables across the study area and northern Australia more generally, since 1993–94. 
• Restricted impact of the ORIA groundwater through-flow. The groundwater level rise 
observed occurs beyond the reach of the ORIA and the D8 swamp area recharge is an 
example of the processes inferred to dominate the black soil plains. 
• Lack of observed hydraulic connection between basement and alluvial aquifers 
(suggesting a lack of bedrock contributions). While limited by data, head and response 
time information indicates recharge into Proterozoic basement (apart from limestone 
aquifers) has a limited impact in alluvial systems. 
• Distribution of groundwater salinity and chloride mass balance determinations of recharge, 
implying that a one-dimensional recharge model dominates the Weaber Plain away from 
the influence of the ORIA. Long-term, black soil recharge of greater than 10 mm/yr is 
implied (pre-1993 conditions). 
• Results of age determinations using chlorofluorocarbons (CFCs), showing modern 
groundwaters beneath cracking clay soils. 
• Soil variability and capacity of Weaber clays to leak. Evidence suggests potential for 
leakage at variable scales based on field investigations, water balance of the D8 swamp 
area and analysis of local and other Australian literature on Vertisols. 
• No alternative conceptual model that is supported by observed data has been determined. 
Further discussion of the conceptual model is provided in Appendix B. 
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Figure 6 Groundwater (WL) hydrographs with Accumulative Monthly Residual Rainfall (AMRR) 
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Table 3 Groundwater level trends on the Weaber Plain (see Figure 4 for bore locations) 
Bore name 
(Distance from Cave 
Spring Gap) 
First date WL (m AHD) Last date 
WL (m 
AHD) 
Total 
rise (m) 
Rate of rise 
(m/yr) 
CS6 (0 km) 07-Jul-64 15.07 24-May-95 29.80 14.73 0.48 
CS1A-78 (3.2 km) 26-May-78 23.00 23-Nov-05 24.68 1.68 0.06 
CS2 (3.2 km) 27-May-68 16.32 23-Nov-05 23.79 7.47 0.20 
CS8 (3.7 km) 06-Aug-64 13.57 03-Jun-98 24.47 10.90 0.32 
ORD8 (3.2 km) 16-Jun-94 18.60 26-Nov-09 24.36 5.76 0.37 
WP2 (5.6 km) 30-Aug-96 16.22 27-Jul-10 22.41 6.19 0.44 
WP3 (5.8 km) 07-Nov-96 13.98 27-Jul-10 21.56 7.58 0.55 
WP4 (6.2 km) 07-Nov-96 13.45 27-Nov-09 20.93 7.48 0.57 
WP5 (12.1 km) 08-Nov-96 5.11 02-Dec-09 14.07 8.96 0.69 
WP6 (10 km) 07-Nov-96 13.95 27-Jul-10 21.38 7.43 0.54 
WP7 (14.5 km) 10-Nov-96 9.09 16-Jun-10 14.73 5.64 0.41 
WP9 (20 km) 12-Nov-96 3.99 28-Aug-10 8.00 1.27 0.29 
WP10 (15.6 km) 12-Nov-96 8.06 16-Jun-10 13.36 5.30 0.39 
WP11D (16 km) 12-Nov-96 6.02 16-Jun-10 10.78 4.77 0.35 
WP12 D (21 km) 12-Nov-96 4.66 16-Jun-10 7.35 2.69 0.20 
WP13 D (15 km) 08-Nov-96 18.32 27-Nov-09 19.81 1.49 0.11 
WP15 (23.5 km) 30-Jul-94 3.71 16-Jun-10 7.20 3.49 0.22 
WP16 (12 km) 08-Nov-96 13.68 28-Aug-10 20.00 6.32 0.46 
WP17 (19 km) 12-Nov-96 3.96 28-Aug-10 8.27 4.31 0.31 
WP19 (26.5 km) 21-Aug-96 3.85 16-Jun-10 7.24 3.39 0.25 
CS10 (6.5 km) 04-Dec-64 11.21 06-Jun-10 22.56 11.35 0.25 
CS12 (9.6 km) 29-Sep-64 9.65 26-Oct-93 15.03 5.38 0.18 
CS12E1R (11.2 km) 06-Aug-64 13.96 16-Jun-10 21.41 7.45 0.16 
CS12E2.5 (13.3 km) 28-Jun-83 9.16 16-Jun-10 17.88 8.72 0.32 
CS13 (11.5 km) 02-Jul-83 10.68 16-May-89 10.83 0.15 0.03 
CS12E5 (17.6 km) 05-Dec-74 5.62 26-Oct-95 5.96 0.34 0.02 
W2 & R (17 km) 07-Jun-65 14.13 14-May-08 22.70 8.57 0.20 
W5 (19.5 km) 15-Nov-83 4.40 25-Nov-91 4.69 0.29 0.04 
W5S1 (20 km) 07-Jun-65 5.00 30-Oct-08 7.76 2.76 0.06 
W5S1.5 (20 km) 27-Jun-83 4.18 07-Aug-97 4.59 0.41 0.03 
W5S2 & R (19 km) 22-Nov-65 5.33 16-Jun-10 8.18 2.85 0.06 
W6S1 (17.5) 24-Jun-83 4.47 07-Aug-97 4.59 0.12 0.01 
W7 (24 km) 07-Jun-65 8.04 01-Jul-83 14.36 6.32 0.35 
WBS1112 (28 km) 02-Jul-83 4.25 16-Jun-10 8.36 4.11 0.15 
WP24 (35 km) 13-Nov-96 5.02 17-Jun-10 12.11 7.10 0.52 
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Table 4 Initial groundwater levels and quality from bores drilled in 2010 
Bore ID WL date WL (m TOC*) Sample date EC (mS/m) TDS (mg/L) pH 
10WP31 26/07/10 9.16 01/09/10 40 200 6.8 
10WP32 22/07/10 9.73 01/09/10 120 700 7.5 
10WP32PB 15/11/10 9.50 04/10/10 155 860 8.4 
10WP33 22/07/10 8.79 29/08/10 115 630 6.9 
10WP35N 22/07/10 4.90 31/08/10 110 630 7.6 
10WP35PB 22/07/10 4.91 30/08/10 180 1 000 7.0 
10WP35S 22/07/10 4.83 31/08/10 130 730 7.3 
10WP36N 22/07/10 4.63 01/09/10 140 810 7.5 
10WP36PB 22/07/10 4.63 28/08/10 115 620 7.4 
10WP36S 22/07/10 4.69 01/09/10 150 880 7.9 
10WP37 22/07/10 4.82 01/09/10 180 1 100 7.7 
10WP38 24/07/10 10.05 31/08/10 730 4 900 7.2 
10WP39 24/07/10 6.64 28/08/10 120 650 7.1 
10WP40 24/07/10 2.76 31/08/10 945 7 000 7.2 
10WP41 24/07/10 3.40 31/08/10 1495 11 000 7.1 
10WP42 15/11/10 11.15 29/09/10 220 1 200 8.2 
10WP43 26/07/10 dry NA NA NA NA 
10WP44 26/07/10 dry NA NA NA NA 
10WP46 15/11/10 7.43 01/10/10 205 1 100 8.2 
10WP47 15/11/10 13.90 02/10/10 65 360 8.3 
* metres from top of casing 
4.2 Location and aquifer characteristics of the palaeochannel 
4.2.1 Previous investigations 
O’Boy et al. (2001) used drilling data from Laws (1983) and Nixon (1997) and unpublished 
exploration data to map the extent of the various aquifer systems, in particular, defining the 
likely maximum extent of the palaeochannel sediments of the Ord–Keep system. Their map 
indicated that much of the Weaber Plain was underlain by high permeability sands and 
gravels. The exceptions were in areas to the west (Lot 8 and 8A), north-west (Lot 9) and 
south-east (part of Lots 20 and 21). 
Lawrie et al. (2010) used SkyTEM airborne electromagnetics (AEM) and existing 
hydrogeological data to re-interpret the distribution of the palaeochannel system and 
associated regolith units within the valley alluvium. They identified a much less extensive 
palaeochannel system through the valley, noting that it was unlikely to be present in the 
Border Creek area (Lot 9 and part of Lot 14). The interpreted position of the palaeochannel 
also indicated structural control. This interpretation of lower extent and permeability was 
supported by poor aquifer yields from two bores drilled by Nixon (1997) into palaeochannel 
sediments in the Weaber Plain (WP6PB, Lot 3) and Knox Plain (KC3). In contrast to 
palaeochannel aquifer yields from the ORIA (O’Boy et al. 2001) of 20–50 L/s, Nixon’s data 
indicated yields of only 1–3 L/s, despite the presence of deep sand and gravel sequences at 
these sites. 
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Drilling conducted by Lawrie et al. (2010) on the Weaber Plain (bore KS1) and other areas 
was also used to imply that the sediments, especially those along Border Creek (Lots 9 and 
14), in addition to being of limited extent, were likely to have secondary cementation (Tufa 
deposits) and low permeability. 
4.2.2 Results 
Maps of interpreted palaeochannel location, aquifer sequence (sands and gravels) and 
thickness were determined using AEM data (Lawrie et al. 2010) and validated by drilling 10 
holes across two transects in June–July 2010. Drilling was undertaken at one location south 
of Brown Ridge, in an area of limited palaeochannel extent (Transect 1: drill holes 
10WP31-33), and the other covered the eastern boundary of Lots 2 and 6, where Lawrie et 
al. (2010) described a more extensive area of palaeochannel deposits (Transect 2: drill holes 
10WP35–37).  
It was found that the interpreted geophysics provided a high level of confidence in the 
existence of the palaeochannel (Table 5). Whether the palaeochannel is comprised of sands 
or gravels is not as well defined by the Lawrie et al. (2010) interpretation, which also tends to 
overestimate the variability in these stratigraphic divisions within the palaeochannel. An 
updated interpretation of the extent of the palaeochannel and alluvial sequence in the Border 
Creek area derived from the recent drilling is shown in Figure 7. 
Table 5 Depth of palaeochannel sediments and basement as interpreted from AEM data (Lawrie et al. 
2010) compared to values observed in holes drilled in 2010 
Drill hole site 
ID 
Interpreted depth (m BGL) Observed depth (m BGL) 
Palaeochannel Basement Material Palaeochannel Basement 
10WP33 16–30 30 sand & gravel 18–30 30 
10WP32 2–16 20 sand & gravel 12–20   
    gravel 20–24 > 24 
10WP32PB 2–16 20 sand & gravel 11–23 23 
10WP36N 10–20 25–30 coarse gravel 6–30 34 
10WP36PB   coarse gravel 11–29 > 29 
10WP35S 10–25 25–35 sand & gravel 6–26 27 
10WP35PB   sand & gravel 6–29 31 
The hydraulic properties of the palaeochannel were determined from each production bore 
and some piezometers and is reported in Paul et al. (2011). In summary, the hydraulic 
conductivity and transmissivity of the palaeochannel sands and gravels does not vary 
significantly. In both of these regolith units hydraulic conductivity and transmissivity was very 
high (200–300 m/d and up to 6000-8000 m2/d respectively). Aquifer yields of 25 L/s were 
achieved in two-day pumping tests and more than 50 and 75 L/s are forecast to be 
sustainable longer term rates. Importantly, these values are similar to that reported in the 
ORIA by O’Boy et al. (2001). 
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Figure 7 Interpreted extent of the palaeochannel and alluvial sediments overlain on AEM conductivity (mS/m) for 16.3–20.3 m BGL (Lawrie et al. 2010) 
Weaber Plain hydrogeology 
24 
4.3 Location and characteristics of sediments at Border Creek 
Border Creek has a catchment of more than 1032 km2 and extends about 30 km to the north-
west of the Weaber Plain farmlands development. Several small streams also flow from the 
Weaber Ranges to the north. Within this project, the area referred to as Border Creek is 
occupied by Lots 9, 14 and 23. Excess wet season flows generated on these lots will 
potentially discharge into Border Creek which flows into the Keep River. 
4.3.1 Previous investigations 
The bedrock geology of the Border Creek Catchment above the proposed farmlands has 
been mapped and defined through several phases of exploration (for example, oil and gas 
exploration by Aquitane Resources and Santos) and comprises Devonian limestone, 
Carboniferous shale and sandstones from several groups of sediments (for example, 
Cockatoo, Weaber, Ningbing). Unconsolidated materials range in thickness from 10 to 25 m, 
with large areas of shallow bedrock and outcropping bedrock between Lots 8 and 9. 
Hydrogeological investigations are limited in this area. Drill holes W2R and WP12–14 extend 
from the north-west to the east across the plain, on and north of Lot 9. These holes 
encountered basement of sandstone, limestone or shale at depths from less than 15 m 
(western bores) to 42 m BGL (WP12). Regolith within the area comprises strongly 
contrasting alluvial sequences (sands to clays), reflecting the origin of the sediments. Coarse 
gravels akin to those found in the palaeochannel to the south are almost entirely absent in 
this area. Other holes drilled near WP12 (W5, W5S1 and W5S1.5) also contain only limited 
alluvial sequences capable of a high transmissivity. 
Lawrie et al. (2010) interprets sediments in the area as containing Tufa, a secondary 
carbonate that is inferred to reduce the permeability of materials in which it occurs.  
Groundwater salinity levels from bores are variable, ranging from 400 to 2600 mg/L. 
4.3.2 Results 
Seven drill hole sites (10WP38–42, 10WP46 and 47) were drilled in the Border Creek area, 
on or near proposed farmlands and the adjacent buffer zone on the northern boundary of 
Lot 9, to determine depth to basement, regolith material and aquifer hydraulic properties. The 
interpretation of the location of permeable sediments within this area is displayed in Figure 7. 
Sites 10WP40 and 10WP41 were chosen in areas of low to moderate conductivity adjacent 
to basement outcrop, using the SkyTEM AEM data of Lawrie et al. (2010). The sites were 
also located in areas where surficial alluvial channels were apparent and inferred to have the 
greatest likelihood of encountering permeable alluvial sediments. 
Both sites were shallow, with basement of crystalline limestone and quartzite at 4.9 and 
5.8 m respectively. The elevation of these bores was 25.26 and 24.12 m AHD. Static 
groundwater levels of 2.25 and 2.92 m BGL and salinity values of 5670 and 8970 mg/L were 
recorded (Table 4). 
Two other sites were selected on areas of contrasting SkyTEM AEM data on Lot 9: drill hole 
site 10WP39 in an area of low conductivity and drill hole site 10WP38 in a high conductivity 
zone. The low conductivity pattern at 10WP39 was observed to extend 6–7 km to the east, 
converging with the palaeochannel near bore WP9 (Lot 16). This feature was interpreted by 
Lawrie et al. (2010) to comprise sediments of a low permeability (like all other conductivity 
features in the area), although no drill holes were previously located in this feature. 
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Drill hole 10WP39 encountered fine-grained sediments to 12 m BGL, then calcarenite (sands 
with limestone fragments) to 19 m. Below 30 m, drilling penetrated dark grey weathered 
shale (Milligans Formation). The upper sequence of more permeable calcarenite had a 
moderate transmissivity and produced 3 L/s flows of 720 mg/L water. The watertable was at 
4.90 m BGL and its ground elevation is 23.26 m AHD. 
To the south of 10WP39, drill hole site 10WP38 encountered a similar regolith profile, with 
calcarenite from 11 to 18 m BGL. However, the groundwater yield was less and a lower 
permeability in this zone is inferred. As with 10WP39, this hole penetrated shale (intersected 
from 30 to 45 m BGL) but was completed in what was interpreted to be siltstone bedrock. 
Bore 10WP38 was screened from 42 to 48 m BGL. Only the deeper sequence of shale was 
screened and it had a low permeability and higher groundwater salinity (4380 mg/L). The 
watertable was deeper (9.53 m) than the nearby 10WP39, and its ground elevation is 
23.16 m AHD. 
Drill hole sites 10WP42, 10WP46 and 10WP47 drilled north of Lot 9 to determine bore yields, 
encountered localised aquifers of calcarenite sands and minor gravels within a dominantly 
clay regolith. Bores 10WP42 and 10WP46 produced airlift yields during development of 
approximately 2 L/s. 10WP47 produced less water, at approximately 1.25 L/s. Groundwater 
salinity levels (as electrical conductivity) were between 70 and 220 mS/m at these sites. 
Drilling encountered no evidence of Tufa, although both air and mud drilling would likely 
make interpretation of Tufa very difficult. 
4.4 Location and characteristics of sediments in the southern 
Weaber Plain 
In the area to the south of the Weaber Plain road, alluvial floodplain sequences occur at the 
base of the Pincombe Range. This area is referred to as the southern Weaber Plain and 
comprises Lots 19–21. A broad waterway, Pincombe Creek, drains the area. 
4.4.1 Previous investigations 
Only one existing bore occurs in this area (WP17). This bore is located within a deep 
sequence of palaeochannel gravels (6–24 m BGL) on Lot 19. It lies on the eastern edge of 
the palaeochannel interpreted by O’Boy et al. (2001) and in the middle of the palaeochannel 
interpreted by Lawrie et al. (2010) (Figure 7). Water levels in the area were 19.2 m BGL in 
1996 and 14.9 m BGL in 2010. 
4.4.2 Results 
Drilling was undertaken at two sites on the south-eastern boundary of Lot 20 and southern 
boundary of Lot 21B. At 10WP43, a sequence of 12 m of alluvium was encountered and 
interpreted to overlie weathered sandstone (14–17 m BGL). This drill hole was dry at 
completion, but because of mechanical failure, could only be cased to 9.73 m. At 10WP44, a 
fine-grained alluvial sequence of 14 m overlies basement at 15.4 m BGL. This drill hole was 
cased to bedrock and also remained dry during this project. 
Ground elevation at bores 10WP43 (23.96 m AHD) and 10WP44 (24.05 m AHD) are similar 
to that of bore WP17 which is located about 2 km north (elevation of 23.1 m AHD). The 
watertable within the palaeochannel at WP17 is at an elevation of 8.27 m AHD. The base of 
the screened intervals at bore 10WP43 and 10WP44 are at 14.3 and 8.29 m AHD, 
respectively. Given there is little groundwater gradient and saturation of the sediments in 
these areas, the watertable must be close to the base of bore 10WP44. 
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While dry basement conditions imply limited aquifer connectivity between the basement of 
the Pincombe Range and alluvial systems, further drilling would be required to test this 
inference. 
4.5 Groundwater heads 
The observed groundwater levels from the new bores were combined with the most recent 
observations from the historical bore network to produce maps of watertable elevation 
(m AHD) and depth to groundwater (m BGL) for the Weaber Plain. A total of 47 bores were 
included in the analysis (Figures 8 and 9). 
Figure 8 shows a groundwater mound extending from the outlet of Cave Spring Gap to the 
D8 swamp. At the western edge of the Weaber Plain (Lots 8 and 8A), there is a strong east 
to west groundwater gradient from the mound under Lot 3. The figure also shows elevated 
groundwater in the north-west, originating from Border Creek and a groundwater sink to the 
north-east of Brown Ridge at the junction of the Weaber, Knox and Keep Plains. These 
features are accentuated in the depth to groundwater data (Figure 9). 
The water level geometry confirms that there is an interaction between the ORIA and the 
western Weaber Plain that is governed by the transmissivity and gradient of the 
palaeochannel. It also indicates that the western Weaber Plain and D8 swamp contribute to 
groundwater levels in the area. However, downstream, to the east and north of Brown Ridge, 
the regolith and the steep hydraulic gradient of the aquifer indicate limited interconnectivity 
between this area and both the Border Creek aquifer (Lots north of Brown Ridge) and the 
eastern Weaber Plain. 
In the eastern Weaber Plain, very flat hydraulic gradients suggest that the palaeochannel is 
extensive (as shown by Lawrie et al. 2010 and Figure 7) and highly permeable (see Paul et 
al. 2011).  
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Figure 8 Contour map of groundwater heads (m AHD) for the Weaber Plain from the northern end of Cave Spring Gap to the junction with the Knox and Keep Plains. 
Brown Ridge and other areas of outcrop were excluded from the analysis. 
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Figure 9 Contour map of groundwater heads (m BGL) for the Weaber Plain from the northern end of Cave Spring Gap to the junction with the Knox and Keep Plains. 
Brown Ridge and other areas of outcrop were excluded from the analysis. 
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5. Conclusion 
Drilling and related scientific investigations undertaken during this project improved the 
knowledge of the hydrogeology of the Weaber Plain established by previous work by the 
Department of Water and Northern Territory Government. It addressed key areas of 
uncertainty raised by Geoscience Australia (Lawrie et al. 2010), specifically the extent and 
permeability of the palaeochannel aquifer. This project’s work also contributed to the 
construction of the Weaber Plain groundwater model (KBR 2011), Catchment Rivers and 
Hydrodynamics Model (GHD 2011) and was used to inform the submission of the WA 
Government supplementary environmental impact statement (Strategen 2011). 
This project found that:  
• The palaeochannel was well mapped by interpreted AEM data (Lawrie et al. 2010) 
and contained low salinity groundwater, and high permeability sands and gravels 
capable of high yields (forecast at 25–75 L/s). 
• AEM interpretation of clay-dominated sediments in the north-west was broadly 
correct, but overlooked a calcarenite aquifer along Border Creek. While of higher 
salinity (3000 mg/L TDS), lower permeability and limited spatial extent by comparison 
to the palaeochannel, it is capable of supporting low-yield wells (forecast at 1–5 L/s). 
• Groundwater levels were between 3 and 15 m BGL within the proposed farmlands. 
The groundwater is typically of a low salinity (less than 1100 mg/L) in the surficial 
aquifers, although high salinities (up to 11 000 mg/L) were measured in deep 
groundwater (Milligans Formation shale) and in some areas adjacent to Border 
Creek. 
• Groundwater levels on the Weaber Plain, downstream of Cave Spring Gap, have 
risen 2–14 m.  Most of this rise has occurred since the mid-1990s. 
• Close to the ORIA, groundwater level rises prior to the mid-1990s appear to be 
because of clearing, irrigation and aquifer through-flow. However, after the mid-
1990s, accelerated groundwater level rise was observed in areas remote from the 
influence of the ORIA (Border Creek, eastern Weaber Plain, Knox and Keep Plains). 
• Accumulative Monthly Residual Rainfall (AMRR) analysis indicates rises are because 
of much wetter than average rainfall conditions. 
• The most likely conceptual model to derive the observed changes in recharge was 
one in which increased rainfall and resultant inundation/flooding occurs through black 
soils. The greatest increases were observed in the areas with Cununurra soils 
(especially overlying the palaeochannel) and Aquitaine soils adjacent to sandy 
alluvium with areas of restricted lateral drainage. 
• While emphasising the dominance of the proposed ‘in situ flood driven’ recharge 
conceptual model, there remains uncertainty over the exact spatial domain and 
temporal distribution of recharge. We conclude that the conceptual model used in the 
Weaber Plain is not exclusive; that is, it does not discount regional variability in 
processes, as applied in the Northern Territory (Tickell et al. 2007). 
• Monitoring bores established in this project are suitable for continued monitoring and 
subsequent analysis of trends and conditions for the Weaber Plains farmlands. 
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Appendix A: Drill logs and bore construction diagrams 
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Org: KIM Bore name: 10WP31 Project: Ord Supervisors: R George & B Paul 
Date: 21/06/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain proposed farmlands – West side Lot 18 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 25.45 E (m): 486515.07 N (m): 8289745.52 
Landholder: Carlton Station / Crown Land (Lot 394 on Parcel 058305)  
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Lowland flat / Cununurra clay, normal phase 
Depth (m) Sample description and drilling comments Hydrogeology 
0–1.5 Black cracking-clay soil.  Silty, slightly sandy, firm when dry, brownish-grey (5YR 4/1). Topsoil—black 
(1.5) Clay.  Silty, slightly sandy, firm, moderate brown (5YR 3/4), sand fine-grained. Subsoil—clay 
3.0  Clay.  Sandy, soft, moderate brown (5YR 4/4), occasional rounded gravels up to 20 mm.  
(6.0) Clay.  Sandy, firm, moderate brown (5YR 4/4), minor calcrete.  
(8.0) Clay.  Sandy, soft, moderate brown (5YR 4/4).  
9.0  Sand.  Clayey, with sandy zones, moderate brown (5YR 4/4). Sample damp. Aquifer—mostly sand 
(11.0) Sand and clay.  Moderate brown (5YR 4/4), occasional fragments of well-rounded sandstone gravel up to 10 mm.  
(13.0) Clayey sand, moderate brown (5YR 4/4), sand fine-grained and clay soft.  
(18.0) Sand.  Clayey, light-brown (5YR 5/4), sand medium-grained to coarse-grained, sub-rounded to rounded, poorly sorted, mainly quartz.  
(19.0) Sand.  Red-brown, fine-grained.  
20.0  Sand.  Coarse-grained and gravel, 5–30 mm,  Palaeochannel aquifer 
(22.0) Gravel (rounded? size?) and sand.  Fine-grained, grey (5YR 6/1).  
 As above, getting zero penetration at 23.2 m, sandstone basement? Aquifer (base?) 
23.2 EOH  
   
   
   
   
Driller: Direct Drilling Drill method: Air core Drill bit diam. (mm): 115 
Depth drilled (m): 23.2 Casing total length (m): 23.35 Casing above ground (m): 0.50 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 6 Screen (m BGL): 16.85–22.85 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): 1 
SWL (m BGL): 8.56 EC (mS/m): 40 pH: 6.8 
SWL date: 29/06/2010 Method of fixing: Placed threaded PVC 
down inside of air-core rods 
Construction type: Monitoring 
bore 
Notes: Hole drilled on southern edge of palaeochannel as defined from the airborne geophysics interpretation. At 
23.2 m, zero penetration after putting full weight on rods. When rods pulled, found tungsten flanges missing from 
air core drill bit and bit damaged beyond repair. Interpretation from air core difficult after 9 m. 
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Bore ID: 10WP31
Program: Weaber Plain (Ord Stage 2) 21/06/2010
Elevation: 25.95 m AHD top of casing (TOC) 21/06/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.50 m Steel
0 0.0 headworks
1
2 CLAY Cement
3 3.0  +0.05–4.0 m
4
5
6 SANDY CLAY
7 Backfill
8 PLAIN PVC (drill-cuttings)
9 9.0 50 mm PN18  4.0–13.0 m
10  (+0.5–16.85)
11
12 Bentonite
13 pellets
14 SANDS & CLAY (6 kg)
15  13.0 –14.0 m
16
17 SCREEN PVC Graded
18 50 mm PN18 sand
19 0.5 mm slots 2–4 mm
20 20.0 (16.85–22.85) (20 kg)
21  14.0 –16.0 m
22 SANDS & GRAVEL (5–30 mm)
23  END CAP PVC Fallback
24 23.2 22.85 m
END OF HOLE
NOTES:
Duration: 2.0 h Ks: 5.0 m/d
Flow rate: 1 L/s
BORE CONSTRUCTION DETAILS
Airlifting information Slug test
Drilling commenced:
Bore completed:
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Org: KIM Bore name: 10WP32 Project: Ord Supervisor/s: B Paul 
Date: 25/06/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain proposed farmlands – West side Lot 18 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 25.67 E (m): 486513.07 N (m): 8290520.26 
Landholder: Carlton Station / Crown Land (Lot 394 on Parcel 058305)  
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Lowland flat / Cununurra clay, normal phase 
Depth (m) Sample description and drilling comments Hydrogeology 
0–2.0 Black cracking-clay soil. Silty, slightly sandy, firm when dry, brownish-grey (5YR 4/1). Topsoil—black clay 
(3.0) Clay, silty, slightly sandy, firm, moderate brown (5YR 5/4), sand fine-grained. Subsoil—silts/clays 
3.0  Clay. Silty, sandy, soft, moderate brown (5YR 4/4), sand fine-grained, mainly quartz.  
7.0  Clay. Sandy, silty, brownish-grey (5YR 4/1).  
(8.0) Silt. Sandy, slightly clayey, moderate brown (5YR 5/4).  
(9.0) Clay. Sandy, silty, moderate brown (5YR 3/6).  
(10.0) Clay. Sandy, silty, moderate brown (5YR 4/6).  
(11.0) Silt. Sandy, moderate brown (5YR 4/4), sand medium to coarse-grained, mainly quartz.  
12.0  
Sand. Silty, light brown (5YR 6/4), sand medium-grained to gravel (up to 
10 mm long), sub-rounded to rounded, poorly sorted, gravels getting 
coarser with depth. 
Palaeochannel 
aquifer (top of sands)
20.0  
Sand. Silty, light brown (5YR 6/4), sand medium-grained to gravel (up to 
10 mm long), sub-rounded to rounded, poorly sorted and Clay, sandy, silty, 
moderate-brown (5YR 4/4), sand fine-grained to coarse-grained. 
 
(24.0) Sand and gravels, sand fine-grained to very coarse-grained, gravel up to 25 mm long, poorly sorted, sub-rounded to rounded. 
Aquifer (top of 
gravel)? 
24.5 EOH  
 @ 24.5 m zero penetration. When rods pulled, air-core rods blocked with sand and gravel. Gravels too big to fit inside air core rods  
   
   
   
   
Driller: Direct Drilling Drill method: Air core  Drill bit diam. (mm): 115 
Depth drilled (m): 24.5 Casing total length (m): 23.99 Casing above ground (m): 0.58 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 6 Screen (m BGL): 17.41–23.41 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm  Yield (L/s): 0.5 
SWL (m BGL): 9.03 EC (mS/m): 120  pH: 7.5 
SWL date: 29/06/2010 Method of fixing: Placed threaded PVC 
down inside of air-core rods  
Construction type: Monitoring bore
Notes: Hole drilled on northern edge of palaeochannel as defined from the airborne geophysics interpretation. At 
24 m zero penetration. When rods pulled, found tungsten flanges missing from air-core drill bit. Repaired tungsten 
flanges, recommenced drilling. Interpretation from Air-core difficult after 7 m. 
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Bore ID: 10WP32
Program: Weaber Plain (Ord Stage 2) 24/06/2010
Elevation: 26.25 m AHD top of casing (TOC) 25/06/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.58 m Steel
0 0.0 headworks
1
2 CLAY Cement
3 3.0  +0.05–4.0 m
4
5 CLAY & SILT Backfill
6 PLAIN PVC (drill-cuttings)
7 7.0 50 mm PN18  4.0–9.5 m
8  (+0.58–17.41)
9 Bentonite
10 CLAY / SANDY / SILTY pellets
11 (12.5 kg)
12 12.0  9.5–10.5 m
13
14
15
16 SAND / SILT & SUB-ROUNDED
17 GRAVELS (2–10 mm) Fallback
18 SCREEN PVC
19 50 mm PN18
20 20.0 0.5 mm slots
21 (17.41–23.41)
22 SANDS & GRAVEL (2–25 mm)
23  END CAP PVC
24 23.41 m
25 24.5
END OF HOLE
NOTES:
Duration: 1.0 h
Flow rate: 0.5 L/s
BORE CONSTRUCTION DETAILS
Airlifting information
Bore completed:
Drilling commenced:
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Org: KIM Bore name: 10WP32PB Project: Ord Supervisor: R. Smith 
Date: 02/10/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain – on boundary between proposed Lots 5 and 18, 15 m north of bore 10WP32 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 25.67 E (m): 486513 N (m): 8290535 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Lowland flat / Cununurra clay  
Depth (m) Sample description and drilling comments Hydrogeology 
0–1.5 Grey-brown cracking clay.  Crumbly surface, minor sand and calcrete nodules Topsoil 
1.5 Red-brown fine sandy/silty clay with mica.  Calcarenite minor throughout, little iron-stained sandstone.  
11.0 Poorly sorted sands, sub-rounded fine to coarse Palaeochannel 
(16.0) Sands and gravels (1–15 mm), sub-rounded  
(19.0) Poorly sorted sands, sub-rounded fine to coarse  
(20.0) Rounded and sub-rounded gravels, poorly sorted, up to 30 mm  
23.0 
Scraping basement; audible, unclear if bedrock is dark grey siliceous rock 
or reddish sandstone 
EOH 
 
   
   
   
   
   
   
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 245 
Depth drilled (m): 23.0 Casing total length (m): 21.1 Casing above ground (m): 0.60 
Casing diam. (mm): 150 Casing type: PN12 PVC Casing installation: Good 
Screen length (m): 12 Screen (m BGL): 8.5– 20.5 Screen type: PVC 1.0 mm slots 
Annulus Seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): 1.5 
SWL (m): 9.50 tube top (TOC) EC (mS/m): 155 pH: 8.4 
SWL date: 15/11/10 Method of fixing: Cemented in Construction type: Production bore 
Notes: Bottom 2 m of hole collapsed because of fall-back of rock. 
 
Weaber Plain hydrogeology 
39 
Bore ID: 10WP32PB
Program: Weaber Plain (Ord Stage 2) 2/10/2010
Elevation: 26.27 m AHD top of casing (TOC) 4/10/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.60 m Steel
0 0.0 headworks
1 CLAY Cement
2 1.5  +0.05 –1.0 m
3 PLAIN PVC Backfill
4 150 mm PN12 (drill-cuttings)
5 (+0.60–8.5) (1.0–6.1)
6 FINE SANDY / SILTY CLAY & Bentonite
7 MINOR CALCARENITE pellets
8 (50 kg)
9  6.1–7.0 m
10
11 11.0
12
13 Graded
14 FINE–COARSE SANDS sand
15 SCREEN PVC 2–4 mm
16 16.0 150 mm PN12 (1490 kg)
17 1.0 mm slots  7.0–21.1 m
18 COARSE SANDS & (8.5–20.5)
19 GRAVELS (1–15 mm)
20 20.0
21 END CAP PVC
22 GRAVELS (to 30 mm)           20.5 m
23 23.0
SANDSTONE (BASEMENT) 1 x centraliser
END OF HOLE per 6 m casing
NOTES:
Duration: 1.5 h
Flow rate: 1.5 L/s
Drilling commenced:
Bore completed:
NB:
Airlifting information
BORE CONSTRUCTION DETAILS
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Org: KIM Bore name: 10WP33 Project: Ord Supervisor/s: J. Simons 
Date: 28/06/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain, on boundary between proposed Lots 5 and 18 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 25.50  E (m): 486514.53 N (m): 8290136.24 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Lowland flat / Cununurra clay black soil  
Depth (m) Sample description and drilling comments Hydrogeology 
Surface Dark greyish-brown (10YR 4/2) cracking light–medium clay Topsoil—clay 
0–3.5 Very dark greyish-brown (10YR 3/2) cracking medium clay Subsoil—clay 
3.5  Brown (7.5YR 4/4) very fine sandy silty clay  
6.0 Brown (7.5YR 4/4) very fine sandy silty clay with few fine (2-5 mm) sub-rounded sandstone gravels and at 7.5 m very few calcrete nodules   
(9.0) Brown (7.5YR 4/4) sandy (becoming coarser at depth) silty clay with few fine (2–5 mm) sub-rounded sandstone gravels  
12.0  Brown (7.5YR 4/4) sandy silty clay with common (10–20%) coarse sand (2 mm) and very few (< 2%) iron-stained sandstone and calcrete fragments  
18.5  Poorly sorted, strong-brown (7.5YR 4/6) very coarse sands with many  (20–50%) sub-rounded, medium–coarse (2–30 mm) gravels 
Palaeochannel 
aquifer (top of 
gravels) 
(20.5) Lost drilling mud circulation and drill-cutting return   
(20.5) Poorly sorted very coarse sands and many rounded medium (up to 40 mm) quartz and sandstone gravels  
(24.0) Coarse sands percentage of sample increasing and gravel percentage and size decreasing   
(26.0) Coarse sands and sub-rounded medium (up to 20 mm) gravels  
(27.0) Coarse sands  
(27.5) Coarse sands and sub-rounded medium (up to 20 mm) gravels Aquifer (base?) 
(29.5) Drill bit resistance increased and mud loss reduced. NB very few (< 2%) segregations of off-white (kaolinitic) clay in samples from 29.5 m 
Weathered / 
Basement? 
29.5  Sub-rounded gravels (possibly from above). Many sub-angular dark reddish-brown (5YR 3/3) siliceous sandstone fragments Basement? 
31.7 EOH  
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 143 
Depth drilled (m): 31.7 Casing total length (m): 28.95 Casing above ground (m): 0.49 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: OK 
Screen length (m): 9 Screen (m BGL): 19.46–28.46 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): 0.7 
SWL (m BGL): 8.17 EC (mS/m): 115 pH: 6.9  
SWL date: 01/07/10 Method of fixing: Threaded PVC 
casing installed using centralisers 
Construction type: Monitoring bore
Notes: Drilling suspended at 20.7 m because of loss circulation; drilling recommenced 29/06/10. 
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Bore ID: 10WP33
Program: Weaber Plain (Ord Stage 2) 28/06/2010
Elevation: 25.99 m AHD top of casing (TOC) 29/06/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.49 m Steel
0 0.0 headworks
1
2 CLAY Cement
3 3.5  +0.05–4.0 m
4
5 CLAY & SILT
6 6.0
7 Backfill
8 FINE SANDY SILT / CLAY PLAIN PVC (drill-cuttings)
9 FEW CALCRETE & FINE (< 5 mm) 50 mm PN18  4.0–13.8 m
10 SUB-ROUNDED GRAVELS  (+0.49–19.46)
11
12 12.0
13 Bentonite
14 SILT / CLAY & COARSE SANDS pellets
15 (18 kg)
16  12.7–13.8 m
17
18 18.5
19
20 Graded
21 sand
22 2–4 mm
23 COARSE SANDS & SCREEN PVC (750 kg)
24 MEDIUM GRAVELS (2–30 mm) 50 mm PN18  13.8–28.2 m
25 0.5 mm slots
26 (19.46–28.46)
27
28  END CAP PVC
29 29.5 28.46 m
30 SANDSTONE (BASEMENT)
31 31.7 1 x centraliser
32 END OF HOLE per 3 m casing
NOTES:
Duration: 2.5 h
Flow rate: 0.7 L/s
BORE CONSTRUCTION DETAILS
Airlifting information
NB:
Drilling commenced:
Bore completed:
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Org: KIM Bore name: 10WP35N Project: Ord Supervisor/s: R. George 
Date: 07/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain proposed farmlands – West side Lot 3 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 26.66 E (m): 481886.49 N (m): 8288653.06 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat / Cununurra clay black soil adjacent to the D8 swamp 
Depth (m) Sample description and drilling comments Hydrogeology 
0–1.7 Dark grey (10YR 3/1), fine textured cracking clay becoming medium clay by 1.7 m and darker (10YR 4/1) Topsoil—black clays
1.7 Red-brown (7.5YR 4/3) fine sandy clay to medium clay Sub soil—clays 
(2.7) Brown fine sandy clay to medium clay  
6.7 Fine sand, grading to coarse sand by 7.7 m, rounded 1–2 mm, some 4 mm plus Aquifer—fine sands 
(7.7) Coarse sands, with gravels 2–6 mm, some rounded to sub-angular, quartz, fine-grained sandstone, siltstone, coarse sands 
Aquifer—coarse 
sands 
(8.7) Coarse sands, with gravels to pebble size, comprised quartz, sandstone, siltstone, minor chlorite  
(11.7) As above, increasing gravel size, 6–10 mm in coarse sands  
12.7 
Gravels and coarse sands, gravels increase in size (20 mm) and frequency 
(30–50%), rounded to sub-rounded, siltstone, sandstone, and dark shales. 
Some broken by drill bit;(conchoidal fracture) fine sandstone to 50 mm.  
Aquifer—gravels 
18.0 EOH  
   
   
   
   
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 143 
Depth drilled (m): 18 Casing total length (m): 18.54 Casing above ground (m): 0.43 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 6 Screen (m BGL): 12.11–18.11 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s):  
SWL (m BGL): 4.55 EC (mS/m): 110 pH: 7.6  
SWL date: 10/07/10 Method of fixing: Threaded PVC casing 
installed using centralisers 
Construction type: Monitoring 
bore 
Notes: Mud viscosity 49 s (5 x 25 kg AugGel; 5 kg Pak R, 20 kg Pak L). Hole stable and airlifted to remove drilling 
fluids. Surface casing collar (200 mm) installed to 2 m BGL. 
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Bore ID: 10WP35N
Program: Weaber Plain (Ord Stage 2) 7/07/2010
Elevation: 27.09 m AHD top of casing (TOC) 8/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.43 m Steel
0 0.0 headworks
1 CLAY Cement
2 1.7  +0.05–2.0 m
3
4 PLAIN PVC Backfill
5 FINE SANDY CLAY 50 mm PN18 (drill-cuttings)
6  (+0.43–12.11)  2.0–8.7 m
7 6.7
8 Bentonite
9 COARSE SANDS & pellets
10 GRAVELS (2–10 mm) (12.5 kg)
11  8.7–9.1 m
12 12.7
13 SCREEN PVC Graded
14 COARSE SANDS & 20–50% 50 mm PN18 sand
15 SUB-ROUNDED GRAVELS 0.5 mm slots 2–4 mm
16 (12.11–18.11) (320 kg)
17 17.5 9.1–17.7 m
18 18.0  END CAP PVC
END OF HOLE 18.11 m
1 x centraliser
per 6 m casing
NOTES:
Duration: 1.5 h
Flow rate:
Airlifting information
BORE CONSTRUCTION DETAILS
NB:
Drilling commenced:
Bore completed:
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Org: KIM Bore name: 10WP35PB Project: Ord Supervisor/s: J. Simons & R. George 
Date: 05/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain, on boundary between proposed Lots 2 and 3 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 26.71 E (m): 481887.62 N (m): 8288568.84 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Lowland flat / Cununurra clay black soil adjacent to the D8 swamp 
Depth (m) Sample description and drilling comments Hydrogeology 
Surface Very dark grey (10YR 3/1) cracking light–medium clay Topsoil—clay 
0–1.75 Dark grey (10YR 4/1) cracking clay Subsoil—clay 
1.75  Brown (7.5YR 4/3) very fine sandy silt / clay   
4.75  Brown (7.5YR 4/3) coarse sandy clay with fine sands and calcrete nodules. Very few sub-rounded gravels 5–10 mm  
6.0  Coarse sands 
Palaeochannel 
aquifer (top of 
sands) 
(7.0) Fine sands  
(8.0) Very coarse sands with bands of dark greyish-brown (10YR 4/2) sandy clays  
12.0  Very coarse sands with many sub-rounded fine (2–6 mm) gravels  
(17.0) Fine sands becoming coarser at depth  
(20.0) Coarse sands  
(21.0) 
Very coarse sands with many sub-rounded fine (2–6 mm) gravels, few 
gypsum plates (10 mm) and very few ‘broken’ sub-rounded gravels up to 
10 mm 
 
(23.0) Very coarse sands with many sub-rounded gravels (up to 10 mm)  
(25.0) Thin band of brown (7.5YR 4/4) sandy clay  
(25.0) Coarse sands with many sub-rounded ‘broken’ gravels up to 10 mm Aquifer (base?) 
29.0  Very dusty red (2.5YR 2.5/2) sandy clay with many sub-angular 2–10 mm conchoidal fractured, oxidised and fresh siliceous fine siltstone fragments 
Weathered 
basement 
31.5 Many dusty red (2.5YR 3/2) ‘purplish’ sub-angular very fine siltstone fragments Basement 
35.0 EOH  
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 317 
Depth drilled (m): 35 Casing total length (m): 27.83 Casing above ground (m): 0.47 
Casing diam. (mm): 200 Casing type: Stainless / PN12 PVC Casing installation: Good 
Screen length (m): 18 Screen (m BGL): 9.36–27.36 Screen type: Wire-wound stainless steel 1 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): 20 
SWL (m BGL): 4.60 EC (mS/m): 180  pH: 7.0 
SWL date: 07/07/10 Method of fixing: Stainless steel 
screens welded together, screwed to 
PVC and PVC casing glued. 
Construction type: Production 
bore 
Notes: Airlift made 20 L/s (2.5 h development) with very little drawdown; fully recovered in 15 mins. Very little 
sediment. 
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Bore ID: 10WP35PB
Program: Weaber Plain (Ord Stage 2) 5/07/2010
Elevation: 27.18 m AHD top of casing (TOC) 6/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.47 m Steel
0 0.0 headworks
1 CLAY
2 1.75 Cement
3  +0.05–6.2 m
4 CLAY & SILT PLAIN PVC
5 4.75 200 mm PN12
6 SANDY CLAY  (+0.47–9.36) Bentonite
7 6.0 pellets
8 (12.5 kg)
9 FINE & COARSE SANDS  6.2–6.9 m
10
11
12 12.0
13
14
15
16
17 SCREEN
18 STAINLESS
19 ID 200 mm 
20 COARSE SANDS WITH 20–50% WOUND 1 mm Graded
21 SUB-ROUNDED (9.36–27.36) sand
22 GRAVELS (2–10 mm) 2–4 mm
23 (3250 kg)
24  6.9–27.5 m
25
26
27 BASE PLATE
28 STAINLESS
29 29.0 27.36 m
30 SANDY CLAY
31 31.5 1 x centraliser
32 per 5 m casing
33 SILTSTONE (BASEMENT)
34
35 35.0
END OF HOLE
NOTES:
Duration: 2.5 h Ks:
Flow rate: 20 L/s T:
Airlifting information Pump test
151–209 m/d
3480–4800 m2/d
Drilling commenced:
Bore completed:
NB:
BORE CONSTRUCTION DETAILS
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Org: KIM Bore name: 10WP35S Project: Ord Supervisor/s: J. Simons 
Date: 02/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain, on boundary between proposed Lots 2 and 3 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 26.67 E (m): 481886.87 N (m): 8288526.76 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Lowland flat / Cununurra clay black soil adjacent to the D8 swamp 
Depth (m) Sample description and drilling comments Hydrogeology 
Surface Dark grey (10YR 4/1) cracking light–medium clay Topsoil—clay 
0–2.5 Dark grey (10YR 4/1) cracking medium clay Subsoil—clay 
2.5  Brown (7.5YR 4/4) very fine sandy silt / clay   
(5.0) Thin band of coarse sands and fine (2–5 mm) gravel  
5.0  Brown (7.5YR 4/4) sandy clay  
6.0  Fine and coarse sands with few fine (2–6 mm) gravels and very few coarse (> 20 mm) gravels 
Palaeochannel aquifer 
(top of sands) 
(9.5) Fine sands (suspended in drilling muds) and coarse sands with few medium (5–15 mm) rounded gravels  
12.0  
Very coarse sands with many fine to medium (2–10 mm) rounded gravels 
and few ‘broken’ medium (up to 20 mm) sub-rounded gravels. 
NB Nil ‘unbroken’ rounded gravels > 10 mm in samples 
 
(19.0) Band of coarse sandy clay  
19.0  Very coarse and fine sands with few rounded medium (5–15 mm) gravels Aquifer (base?) 
26.5  Dark reddish-brown (5YR 2.5/2) coarse sandy clay Weathered basement 
(26.75) Dark reddish-brown (5YR 2.5/2) coarse sandy clay with many (20–50%) dark reddish-brown (5YR 3/3) sub-angular siliceous sandstone fragments  
27.0 Dark reddish-brown (5YR 3/3) sub-angular, sandstone fragments Basement 
29.5 EOH  
   
   
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 143 
Depth drilled (m): 29.5 Casing total length (m): 26.29 Casing above ground (m): 0.46 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 9 Screen (m BGL): 16.83–25.83 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): 0.9 
SWL (m BGL): 4.41 EC (mS/m): 130 pH: 7.3 
SWL date: 03/07/10 Method of fixing: Threaded PVC 
casing installed using centralisers 
Construction type: Monitoring bore 
Notes: Bore developed by airlifting. 
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Bore ID: 10WP35S
Program: Weaber Plain (Ord Stage 2) 2/07/2010
Elevation: 27.13 m AHD top of casing (TOC) 3/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.46 m Steel
0 0.0 headworks
1
2 CLAY Cement
3 2.5  +0.05–2.0 m
4 CLAY & SILT
5 5.0
6 SANDY CLAY
7 6.0 Backfill
8 PLAIN PVC (drill-cuttings)
9 FINE & COARSE SANDS 50 mm PN18  2.0–12.8 m
10 WITH FINE–MEDIUM (2–10 mm)  (+0.46–16.83)
11 ROUNDED GRAVELS
12 12.0
13 Bentonite
14 pellets
15 VERY COARSE SANDS (18 kg)
16 WITH 20–50% FINE–MEDIUM  12.8–13.6 m
17 (2–20 mm) ROUNDED GRAVELS
18
19 19.0
20 Graded
21 SCREEN PVC sand
22 VERY COARSE & FINE SANDS 50 mm PN18 2–4 mm
23 WITH 2–10% MEDIUM (5–15 mm) 0.5 mm slots (500 kg)
24 SUB-ROUNDED GRAVELS (16.83–25.83)  13.6–25.7 m
25
26 26.5  END CAP PVC
27 COARSE SANDY CLAY 25.83 m
28 27.0
29 SANDSTONE (BASEMENT) 1 x centraliser
30 29.5 per 3 m casing
END OF HOLE
NOTES:
Duration: 2.0 h
Flow rate: 0.9 L/s
Airlifting information
BORE CONSTRUCTION DETAILS
Drilling commenced:
Bore completed:
NB:
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Org: KIM Bore name: 10WP36N Project: Ord Supervisor/s: J. Simons 
Date: 30/06/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain, on boundary between proposed Lots 3 and 6  
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 25.98 E (m): 481885.54 N (m): 8289635.96 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat, adjacent to the D8 swamp / Aquitaine clay 
Depth (m) Sample description and drilling comments Hydrogeology 
Surface Dark grey (10YR 4/1) cracking light–medium clay Topsoil—clay 
0–2.5 Very dark greyish brown (10YR 3/2) cracking light–medium clay Subsoil—clay 
2.5  Brown (7.5YR 4/4) very fine sandy silt / clay  
(5.5) Brown (7.5YR 4/4) very fine sandy silt / clay with very few calcrete nodules up to 10 mm  
6.5  Brown (7.5YR 4/4) very fine sandy silt / clay with many medium–coarse (5–30 mm) rounded gravels  
(7.0) Brown (7.5YR 4/4) fine sandy silt / clay  
(9.5) Brown (7.5YR 4/4) fine sandy silt / clay with many poorly sorted medium–coarse (5–40 mm) gravels and few coarse sands 
Palaeochannel aquifer 
(top of sands) 
(12.5) Band of greyish-brown (10YR 5/2) coarse sandy clay  
12.5  Many (20–50%) rounded medium–coarse (5–40 mm) gravels and coarse sands, poorly sorted  
(18.0) Percentage of coarse sand in sample return increasing, percentage and size of gravels decreasing to medium (5–20 mm)  
(22.5) Many rounded coarse (5–30 mm) gravels and coarse sands with very few brown (7.5YR 4/3) coarse sandy clay segregations  
(29.6) Drilling suspended due to failing light and pump valve malfunction  
(29.6) Fine sands, some coarse sand with many (20–50%) fine–medium (5–15 mm) gravels Aquifer (base?) 
30.0  Brown (7.5YR 4/3) sandy clay with common (10–20%) fine–medium   (5–15 mm) gravels  
34.5 Sub-angular fragments of black (10YR 2/1) shale Basement 
35.6 EOH  
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 143 
Depth drilled (m): 35.6 Casing total length (m): 29.74 Casing above ground (m): 0.52 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: OK 
Screen length (m): 12 Screen (m BGL): 14.22–26.22 Screen type: PVC 0.5 mm slots 
Annulus Seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): 1 
SWL (m BGL): 4.08 EC (mS/m): 140 pH: 7.5  
SWL date: 03/07/10 Method of fixing: Threaded PVC 
casing installed using centralisers 
Construction type: Monitoring bore
Notes: Screens blocked with drilling muds (bentonite), WELLCLEAN® used overnight to ‘break-down’ drilling 
muds. Plain (unslotted) PVC used in bottom 3 m of bore casing, below screens, to act as sump for fine 
sands/silts. Bore developed by airlifting (3 h). 
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Bore ID: 10WP36N
Program: Weaber Plain (Ord Stage 2) 30/06/2010
Elevation: 26.50 m AHD (top of casing) 2/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.52 m Steel
0 0.0 headworks
1 CLAY
2 2.5 Cement
3  +0.05–2.0 m
4 CLAY & SILT
5 Backfill
6 6.5 (drill-cuttings)
7  2.0–11.1 m
8 FINE SANDY SILT/CLAY WITH PLAIN PVC
9 20–50% SUB-ROUNDED 50 mm PN18
10 GRAVELS (5–40 mm)  (+0.52–14.22)
11 Bentonite
12 12.5 pellets
13 (18 kg)
14  11.1–12.3 m
15
16
17
18 SCREEN PVC
19 50 mm PN18
20 0.5 mm slots Graded
21 COARSE SANDS WITH 20–50% (14.22–26.22) sand
22 ROUNDED GRAVELS ( 5–40 mm) 2–4 mm
23 (750 kg)
24  12.3–29.2 m
25
26 PLAIN PVC
27 50 mm PN18
28 (26.22–29.22)
29  END CAP PVC
30 30.0 29.22 m
31
32 SANDY CLAY WITH 10–20% 1 x centraliser
33 GRAVELS (5–15 mm) per 3 m casing
34 34.5
35 BLACK SHALE (BASEMENT)
36 END OF HOLE                            35.6
NOTES:
Duration: 2.5 h
Flow rate: 1 L/s
BORE CONSTRUCTION DETAILS
NB:
Airlifting information
Drilling commenced:
Bore completed:
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Org: KIM Bore name: 10WP36PB Project: Ord Supervisor/s: R. George 
Date: 08/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain Proposed Farmlands – West side Lot 3 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 26.06 E (m): 481885.68 N (m): 8289596.31 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat, adjacent to the D8 swamp / Aquitaine clay 
Depth (m) Sample description and drilling comments Hydrogeology 
0–1.5 Black soil, cracking 10YR 3/1, fine to medium clay Topsoil—black 
1.5 Red-brown (10YR 4/1) fine silty to medium clay, little or no sand sized grains Subsoil—clay 
(3.2) Red-brown silty clay (7.5YR 4/2), fine sand grains 1–2 mm, (< 5% sand),  
(7.2) Iron cemented thin band of sand (in fine silty clay)  
(10.5) Increased sand % (10–15%), grains 1–3 mm, sub-rounded (sandy clay)  
11.2 
Coarse sand, rounded 1–5 mm, occasional small gravels (5 mm), 
moderate to well-sorted lenses of sand. Drill bit breaking larger stones; 
conchoidal fracture. 
Palaeochannel aquifer 
(top of sands) 
(13) As above, rounded pebbles 4–8 mm, estimates 10–20% sub 1 mm  
(15) As above, finer zones, rig crunching through larger rocks/lenses of rocks  
(17) Coarser, 1–5 mm. Gravels comprise moderately to poorly sorted sandstone, fine quartzite, siliceous - siltstones  
(20) As above, less well-rounded, estimated 30% sub-1 mm grain size, some larger sample  
21–23 Gravels/stones, mean size 5–15 mm rocks, broken by bit Aquifer (to gravel) 
(26) Gravels, quartzite, siltstone, fine sandstone, conchoidal fracture, poorly to moderately sorted, decreased rounding by 29 m  
(29) 
As above, moderately to well sorted lenses, fine-grained sections, minor 
sandy clays, larger stones accumulating in annulus?, potential transition 
to weathered basement? 
Aquifer (base?) 
29 EOH  
   
   
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 317 
Depth drilled (m): 29 Casing total length (m): 20.80 Casing above ground (m): 0.44 
Casing diam. (mm): 200 Casing Type: Stainless / PN12 PVC Casing installation: Good 
Screen length (m): 6 Screen (m BGL): 14.36–20.36 Screen type: Wire-wound stainless steel 1 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): > 25 
SWL (m BGL): 4.70  EC (mS/m): 115  pH: 7.4  
SWL date: 08/07/10 Method of fixing: Stainless steel 
screens screwed to PVC and PVC 
casing glued. 
Construction type: Production bore
Notes: Mud viscosity 50 s (8 x 25 kg AugGel, 25 kg Pak R, 8 kg Pak L). Hole blockages at 21 m and 17 m, 
redrilled, extra muds added. Hole stable and pumped to clear water 135 mins. Hole developed by jetting and 
airlifting at compressor capacity (2.25 h) to free of silt (< 2 g/kL); WELLCLEAN® also used, nil drawdown; minor 
sediment. 
 
Weaber Plain hydrogeology 
51 
Bore ID: 10WP36PB
Program: Weaber Plain (Ord Stage 2) 8/07/2010
Elevation: 26.50 m AHD top of casing (TOC) 9/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.44 m Steel
0 0.0 headworks
1 CLAY
2 1.5
3 Cement
4  +0.05–7.4 m
5
6
7 SILTY CLAY
8 Bentonite
9 PLAIN PVC pellets
10 200 mm PN12 (12.5 kg)
11 11.2 (+0.44–14.36)  7.4–7.7 m
12
13 Graded
14 SCREEN sand
15 STAINLESS 2–4 mm
16 COARSE SAND & ID 200 mm (2250 kg)
17 10–20% GRAVELS (2–8 mm) WOUND 1 mm  7.7–20.7 m
18 (14.36–20.36)
19
20 BASE PLATE
21 21.0 STAINLESS
22 GRAVELS (5–15 mm) 20.36 m
23 23.0
24 1 x centraliser
25 per 4 m casing
26 GRAVELS
27
28
29 GRAVELS (fine-grained at base)
29.0
END OF HOLE
NOTES:
Duration: 2.25 h Ks:
Flow rate: > 25 L/s T:
241–488 m/d
4340–8790 m2/d
Airlifting information Pump test
NB:
BORE CONSTRUCTION DETAILS
Drilling commenced:
Bore completed:
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Org: KIM Bore name: 10WP36S Project: Ord Supervisor/s: R. George 
Date: 10/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain Proposed Farmlands – West side Lot 3  
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 25.94 E (m): 481885.61 N (m): 8289516.75 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat - adjacent to the D8 swamp / Aquitaine clay 
Depth (m) Sample description and drilling comments Hydrogeology 
0–1.7 Black soil (5YR 6/1), fine silty clay to medium clay at depth Topsoil—black clays 
1.7 Red-brown fine silty clay to medium clay Sub soil—clays 
(2.9) As above, silty clay to medium clay, increased fine grit/sand (< 5%)   
5.0 Red-brown silty clay, transition to sandy clay, with minor gravel stones (30–60 mm) in sandy-clay matrix. Gravel stones, fine, dark – basalts?  
(6.0) Gritty sandy clay, lenses of fine to medium grained sand, minor stones Transition zone 
 As above to 9.7 m, lenses of fine sand in sandy clay.   
9.7 NB 9.7-10.7 m no sample – fine sands  
(11.7) As above, fine silty sands, to sandy clays, minor pebbles by end of rod  
12.0 Coarse gravels within fine to medium grained sand matrix. Gravel stones to 30–50 mm, well-rounded, poorly sorted, some broken by drill. Gravel aquifer 
(14) 
As above, gravel stones dominant, in coarse sands, well sorted lenses 
separated by finer sands in poorly sorted matrix. Rocks – siltstone, 
sandstone, quartz, basalts (largest pebbles). 
 
18.0 EOH drilling ceased in gravel aquifer (12–18 m)  
   
   
   
   
   
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 143 
Depth drilled (m): 18 Casing total length (m): 18.70 Casing above ground (m): 0.62 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 6 Screen (m BGL): 12.08–18.08 Screen type: PVC 0.5 mm slots  
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): > 1 
SWL (m BGL): 4.70 EC (mS/m): 150 pH: 7.9  
SWL date: 12/7/10 Method of fixing: Threaded PVC 
casing installed using centralisers 
Construction type: Monitoring bore
Notes: Mud viscosity 50 s (7 x 25 kg AugGel; 15 kg Pak R, 7 kg Pak L). Hole stable and pumped until water 
cleared (135 min). WELLCLEAN® also used to break down drilling mud. Bore developed by airlifting at 1 L/s for 
2.25 h to remove silt. 
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Bore ID: 10WP36S
Program: Weaber Plain (Ord Stage 2) 10/07/2010
Elevation: 26.56 m AHD top of casing (TOC) 12/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.62 m Steel
0 0.0 headworks
1 CLAY Cement
2 1.7  +0.05–1.0 m
3
4 SILTY CLAY PLAIN PVC Backfill
5 5.0 50 mm PN18 (drill-cuttings)
6  (+0.61–12.08)  1.0–8.8 m
7
8 SANDY CLAY Bentonite
9 pellets
10 9.7 (12.5 kg)
11 FINE SANDS  8.8–9.5 m
12 12.0
13 SCREEN PVC Graded
14 COARSE SANDS & 50 mm PN18 sand
15 GRAVELS (to 30–40 mm) 0.5 mm slots 2–4 mm
16 (12.08–18.08) (240 kg)
17 9.5–18.0 m
18 18.0  END CAP PVC
END OF HOLE 18.08 m
1 x centraliser
per 6 m casing
NOTES:
Duration: 2.25 h
Flow rate: > 1 L/s
Airlifting information
NB:
BORE CONSTRUCTION DETAILS
Drilling commenced:
Bore completed:
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Org: KIM Bore name: 10WP37 Project: Ord Supervisor/s: R. George 
Date: 12/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain Proposed Farmlands – West side Lot 3 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 26.21 E (m): 481886.38 N (m): 8289026.66 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat - adjacent to the D8 swamp / Cununurra clay 
Depth (m) Sample description and drilling comments Hydrogeology 
0–1.5 Black soil (5YR 6/1) silty clay to medium clay Topsoil—black clays 
1.5 Red-brown (7.5YR 4/6) silty to medium clay, very fine quartz (< 2% of sample) Sub soil—clays 
(4.5) Red-brown medium clay, firm, moisture increasing, minor fine sand (as above)  
(6.5) Red-brown fine sandy clay, minor stones (5-10 mm, < 5%)  
7.0 Coarse sand, gravels 5–15 mm, rounded, poorly to moderately sorted Aquifer—coarse gravels 
(9.5) Medium–coarse sand, gravels, rounded (mud loss high)  
(10.5) As above  
(11.5) Changed from stony, coarse gravelly sand, to finer gravels/sands Aquifer—finer gravels 
14.5 Sand, fine to coarse (1–3 mm), sub-rounded to sub-angular, alluvial fan, finer phase Aquifer—sands 
16.5 Sand, clayey sands, some brown medium clays, minor gravels, grading to coarse sands again by EOH. Aquifer—fine sands 
18.0 EOH  Aquifer—gravels 
   
   
   
   
   
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 143 
Depth drilled (m): 18 Casing total length (m): 16.86 Casing above ground (m): 0.67 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 6 Screen (m BGL): 10.19–16.19 Screen type: PVC 0.5 mm slots  
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): > 1 
SWL (m BGL): 4.90  EC (mS/m): 180 pH: 7.7  
SWL date: 12/07/10 Method of fixing: Threaded PVC 
casing installed using centralisers 
Construction type: Monitoring bore
Notes: Mud viscosity 44 s (11 x 25 kg AugGel, 20 kg Pak R, 8 kg Pak L). Hole stable and pumped until water 
clear (135 min). Bore developed by airlifting (1 L/s) until free of silt; WELLCLEAN® also used. 
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Bore ID: 10WP37
Program: Weaber Plain (Ord Stage 2) 12/07/2010
Elevation: 26.88 m AHD top of casing (TOC) 12/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.67 m Steel
0 0.0 headworks
1 CLAY Cement
2 1.5  +0.05–1.0 m
3 Back-fill
4 PLAIN PVC (drill-cuttings)
5 SILTY CLAY 50 mm PN18  1.0–6.3 m
6  (+0.67–10.19)
7 7.0 Bentonite
8 pellets
9 (12.5 kg)
10 SCREEN PVC  6.3–7.6 m
11 50 mm PN18
12 COARSE SANDS & 0.5 mm slots Graded
13 GRAVELS (5–15 mm) (10.19–16.19) sand
14 2–4 mm
15 (340 kg)
16  END CAP PVC 7.6–16.0 m
17 16.19 m
18 18.0
END OF HOLE 1 x centraliser
per 5 m casing
NOTES:
Duration: 2.25 h
Flow rate: > 1 L/s
BORE CONSTRUCTION DETAILS
Drilling commenced:
Bore completed:
NB:
Airlifting information
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Org: KIM Bore name: 10WP38 Project: Ord Supervisor/s: P. Raper 
Date: 13/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location:– Weaber Plain Proposed Farmlands – north of Brown Ridge, northern boundary of Lot 9 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 23.16 E (m): 486098.71 N (m): 8294961.01 
Landholder: Carlton Hills Station / Crown Land (Lot 394 on Plan 058305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat / Aquitaine clay 
Depth (m) Sample description and drilling comments Hydrogeology 
0–1.3 Dark grey (7.5YR 4/1) cracking clay  Topsoil—grey 
1.3  Brown (7.5YR 5/4,) silty clay, with Calcium carbonate (CaCO3) nodules, abundance increasing with depth. Very little moisture. Subsoil—clay 
5.0 
Brown silty clay and minor moderately-rounded to sub-angular, very fine 
quartz sand, CaCO3 nodules still present but abundance decreasing with 
depth. 
 
(7.0) 
Brown-red silty clay and minor moderately-rounded to sub-angular, very 
fine quartz sand, CaCO3 nodules less prevalent, abundance of sand 
increasing & becoming redder with depth. 
Sediments 
11.0 Red silty clay and fine sand, lightly cemented, drilling becoming harder.  
(12.0) Off-white, yellowish and brown silty clay and fine to medium sand, apparently strongly banded (0.3–0.4 m layers) some layers cemented.  
(13.0) 
Off-white, yellowish silty clay and fine to medium sand, strongly banded, 
coarse fraction more abundant and degree of cementation reduced 
compared to above. 
 
18.0 
Banded sands and gravels (to 7 mm) and off-white to yellow clay, coarse 
fraction sub-rounded to rounded, poorly sorted and much more abundant 
than above (possibly because of change of rod). 
 
(19.0) Strongly cemented calcarenite fragments with CaCO3 coating and glassy interior, minor red and purple, banded siltstone, very little clay. Sediments—calcarenite
(20.0) Pale orange to pale grey clay and medium sand, some cementation.  
(21.0) 
Pale yellow, pale orange and pale ochre clays, coarse to medium sands 
and fine gravels, sub-rounded to rounded, including occasional shales, 
cemented in places. 
Sediments 
(26.0) Ochre clay, sands and fine gravels. unsure of location of contact 
(29.0) Ochre clays Weathered basement 
30.0 Mixed sample return on change of rod, first return of poorly weathered dark grey shale, soft. 
Poorly weathered 
basement 
(31.0) Dark grey shale, some large fragments showing layering, soft.  
45.0 Dark grey shale, hard,  Basement, Milligans Formation 
48.0 EOH – not refusal.  
Driller: Direct Drilling Drill method: Rotary air blast Drill bit diam. (mm): 178 
Depth drilled (m): 48 Casing total length (m): 48.58 Casing above ground (m): 0.52 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 6 Screen (m BGL): 42.06–48.06 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): < 0.1 
SWL (m BGL): 9.53 EC (mS/m): 730 pH: 7.2 
SWL date: 24/07/10 Method of fixing: Threaded PVC 
casing installed using centralisers 
Construction type: Monitoring bore
Notes: Foam injected from 14 m BGL. 
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Bore ID: 10WP38
Program: Weaber Plain (Ord Stage 2) 13/07/2010
Elevation: 23.68 m AHD top of casing (TOC) 14/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.52 m Steel
0 0.0 headworks
2 CLAY                                             1.3 Cement
4 SILTY CLAY                                  5.0  +0.05–1.0 m
6
8 SILTY CLAY / VERY FINE SANDS
10
12 11.0 Backfill
14 (drill-cuttings)
16 SILTY CLAY / FINE SANDS  1.0–34.2 m
18 18.0 PLAIN PVC
20 50 mm PN18
22 (+0.52–42.06)
24 CLAY / SANDS
26 MINOR FINE GRAVELS
28
30 30.0 Bentonite
32 pellets
34 (12.5 kg)
36  34.2–34.8 m
38 SHALE SCREEN PVC
40 (WEATHERED BASEMENT) 50 mm PN18 Graded
42 0.5 mm slots sand
44 (42.06–48.06) 2–4 mm
46 45.0 (300 kg)
48 SHALE (BASEMENT)  END CAP PVC  34.8–48.0 m
48.0 48.06 m
END OF HOLE
1 x centraliser
per 6 m casing
NOTES:
Duration: 0.5 h Ks: 0.1 m/d
Flow rate: < 0.1 L/s
BORE CONSTRUCTION DETAILS
NB:
Drilling commenced:
Bore completed:
Airlifting information Slug test
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Org: KIM Bore name: 10WP39 Project: Ord Supervisor/s: P. Raper 
Date: 15/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain Proposed Farmlands – north of Brown Ridge, on Lot 9B 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 23.26  E (m): 486098.17 N (m): 8295716.03 
Landholder: Carlton Hills Station / Crown Land (Lot 394 on Plan 058305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat / Aquitaine clay 
Depth (m) Sample description and drilling comments Hydrogeology 
0–1 Dark reddish grey (2.5YR4/2) cracking clay  Topsoil—grey 
(1.0) Brown (7.5YR4/3) silty clay. Subsoil 
2.0 Red- brown silty clay and minor very fine sand, minor Calcium carbonate (CaCO3) nodules, strongly banded (< 0.1 m thick).  
 
4.0 Yellow-orange to grey clay and fine sand, sub-rounded, minor CaCO3. Driller noted variable resistance from 4 m on, banding. Sediments 
(5.0) Yellow clay, sand and fine to medium gravels, strongly banded, some CaCO3. Occasional grey clay. 
 
12.0 Strongly cemented calcarenite with pale yellowish-orange marling, very little clay. 
Sediments—
calcarenite, aquifer 
(14.0) Calcarenite and off-white to yellow clay, banded. Some calcarenite fragments are roughly cylindrical, infilled root channels.  
(15.0) Calcarenite and cream to yellow clay in bands.  
(18.0) Calcarenite and clay as above, possible signs of calcarenite having been formed in open cavity.  
19.0 Fine to coarse sand and pale yellow clay, poorly cemented in places. Sediments 
22.0 Banded sands and pale yellow clays.  
30.0 
Dark grey shale, soft. Sand and clay returned in sample is from above. 
Fossilised tooth returned in 30–31 m sample, assumed to have originated 
from calcarenite 12 to 19 m. 
Poorly weathered 
basement, Milligans 
Formation 
33.0 EOH  
Driller: Direct Drilling Drill method: Rotary air blast Drill bit diam. (mm): 178 
Depth drilled (m): 33 Casing total length (m): 18.66 Casing above ground (m): 0.59 
Casing diam. (mm): 100 Casing type: PN12 PVC Casing installation: Formation collapsed, cased only to 18 m 
Screen length (m): 12 Screen (m BGL): 6.07–18.07 Screen type: PVC 1 mm slots 
Annulus Seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): > 3 
SWL (m BGL): 6.10 EC (mS/m): 120 pH: 7.1 
SWL date: 19/07/10 Method of fixing: Threaded PVC 
casing installed using centralisers 
Construction type: Monitoring bore 
Notes: Foam injected at 23 m BGL but not again. Large cavity generated at 13 to about 16 m during drilling; 
2700 kg gravel pack required to fill cavity. 
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Bore ID: 10WP39
Program: Weaber Plain (Ord Stage 2) 15/07/2010
Elevation: 23.85 m AHD top of casing (TOC) 15/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.59 m Steel
0 0.0 headworks
1 CLAY Cement
2 2.0  +0.05–2.3 m
3 SILTY CLAY
4 4.0 PLAIN PVC Bentonite
5 100 mm PN12 pellets
6  (+0.59–6.07) (12.5 kg)
7  2.3–2.6 m
8 CLAY / SAND / FINE GRAVELS
9
10 SCREEN PVC Graded
11 100 mm PN12 sand
12 12.0 1.0 mm slots 2–4 mm
13 (6.07–18.07) (2700 kg)
14  2.6–18.0 m
15
16 CALCARENITE & CLAY BANDS
17
18  END CAP PVC
19 19.0 18.07 m
20
21 SAND / CLAY 1 x centraliser
22 22.0 per 6 m casing
23
24
25
26 BANDED SANDS & CLAYS
27
28
29
30 30.0
31 SHALE
32 (WEATHERED BASEMENT)
33 33.0
END OF HOLE
NOTES:
Duration: 1.5 h Ks: 3.0 m/d
Flow rate: > 3 L/s
Drilling commenced:
Bore completed:
Airlifting information Slug Test
BORE CONSTRUCTION DETAILS
NB:
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Org: KIM Bore name: 10WP40 Project: Ord Supervisor/s: P. Raper 
Date: 15/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain Proposed Farmlands – north of Brown Ridge 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 25.26 E (m): 481572.65 N (m): 8295994.59 
Landholder: Ivanhoe Station / Crown Land (Lot 372 on Plan 051355) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat / Aquitaine clay 
Depth (m) Sample description and drilling comments Hydrogeology 
0–1 Dark greyish-brown (2.5Y 4/2) cracking clay, minor fine sand. Topsoil 
1.0 
Greyish-brown to grey clay and minor sand, pale-yellow limestone(?) to 
20 mm, minor Calcium carbonate (CaCO3) nodules and light yellowish-
brown (2.5Y 6/4) crystalline mineral. 
Recent alluvium? 
2.0 Pale-grey to cream clay, minor fine sand and light yellowish-brown crystalline mineral.  
(3.0) Off-white to cream clay and minor fine sand.  
4.0 Grey clay, becoming more competent with depth. Weathered basement 
(4.9) Pale-yellow quartzite with some black marling, very hard. Basement 
7.3 EOH  
   
   
   
   
   
Driller: Direct Drilling Drill method: Rotary air blast Drill bit diam. (mm): 178 
Depth drilled (m): 7.3 Casing total length (m): 7.58 Casing above ground (m): 0.50 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 3 Screen (m BGL): 4.08–7.08 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Sand 2–4 mm Yield (L/s): negligible 
SWL (m BGL): 2.17 EC (mS/m): 945 pH: 7.2 
SWL date: 20/07/10 Method of fixing: Threaded PVC 
casing installed using centralisers 
Construction type: Monitoring bore 
Notes: Drilled with hammer bit from 5 m. 
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Bore ID: 10WP40
Program: Weaber Plain (Ord Stage 2) 15/07/2010
Elevation: 25.76 m AHD top of casing (TOC) 15/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.50 m Steel
0 0.0 headworks
CLAY Cement
1 1.0  +0.05–1.0 m
CLAY & CALCRETE NODULES PLAIN PVC Backfill
2 2.0 50 mm PN18 (drill-cuttings)
(+0.50–4.08)  1.0–2.3 m
3 CLAY & FINE SAND Bentonite
pellets
4 4.0 (12.5 kg)
CLAY (WEATHERED BASEMENT) SCREEN PVC  2.3–2.6 m
5 4.9 50 mm PN18
0.5 mm slots Graded
6 QUARTZITE (4.08–7.08) sand
(BASEMENT) 2–4 mm
7  END CAP PVC (120 kg)
7.3 7.08 m 2.6–7.0 m
8 END OF HOLE
1 x centraliser
per 6 m casing
NOTES:
Duration: not airlifted Ks: 0.05 m/d
Flow rate:
Drilling commenced:
Bore completed:
Airlifting information Slug Test
BORE CONSTRUCTION DETAILS
NB:
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Org: KIM Bore name: 10WP41 Project: Ord Supervisor/s: P. Raper 
Date: 15/07/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain Proposed Farmlands – north of Brown Ridge, northern boundary of Lot 9B 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 24.12 E (m): 483697.97 N (m): 8295561.54 
Landholder: Carlton Hills Station / Crown Land (Lot 394 on Plan 058305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat / Aquitaine clay  
Depth (m) Sample description and drilling comments Hydrogeology 
0–1 Dark greyish-brown (2.5Y 4/2) cracking clay, minor fine sand, moist below the surface. Topsoil 
1.0 Grey clay and minor fine sand with minor calcium carbonate (CaCO3) nodules.  
2.0 Grey-brown clay and minor fine sand, abundant CaCO3 nodules  
4.0 Brown to olive clay minor silt and fine sand with CaCO3 nodules. Weathered basement 
(5.0) Brown to olive clay minor silt and fine sand with CaCO3 nodules, some mottling in peds.  
5.8 Pale-grey quartzite, very hard. Basement 
7.3 EOH  
   
   
   
   
   
Driller: Direct Drilling Drill method: Rotary air blast Drill bit diam. (mm): 178 
Depth drilled (m): 7.3 Casing total length (m): 6.67 Casing above ground (m): 0.47 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 3 Screen (m BGL): 3.20–6.20 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Sand 2–4 mm Yield (L/s): negligible 
SWL (m BGL): 3.26 m EC (mS/m): 1495 pH: 7.1 
SWL date: 20/07/10 Method of fixing: Threaded PVC 
casing installed using centralisers  
Construction type: Monitoring bore
Notes: Drilled with hammer bit from 6.0 m. Back-filled to 6 m BGL with coarse drill-cuttings before casing 
installed. 
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Bore ID: 10WP41
Program: Weaber Plain (Ord Stage 2) 15/07/2010
Elevation: 24.59 m AHD top of casing (TOC) 15/07/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.47 m Steel
0 0.0 headworks
CLAY Cement
1 1.0  +0.05–0.3 m
CLAY & CALCRETE NODULES PLAIN PVC
2 2.0 50 mm PN18 Bentonite
(+0.47–3.20) pellets
3 CLAY & FINE SAND (12.5 kg)
 0.3–0.4 m
4 4.0
CLAY / SILT / FINE SAND SCREEN PVC Graded
5 (WEATHERED BASEMENT) 50 mm PN18 sand
5.8 0.5 mm slots 2–4 mm
6 (3.20–6.20) (150 kg)
QUARTZITE 0.4–6.0m
7 (BASEMENT)  END CAP PVC
7.3 6.20 m
8 END OF HOLE 1 x centraliser
per 6 m casing
NOTES:
Duration: not airlifted
Flow rate:
Drilling commenced:
Bore completed:
Airlifting information
BORE CONSTRUCTION DETAILS
NB:
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Org: KIM Bore name: 10WP42 Project: Ord Supervisor/s: R. Smith 
Date: 28/09/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain, north boundary of proposed Lot 9B 
Datum: GDA94 Zone: 52 Location QC: GPS AHD (m): 22.80  E (m): 487501 N (m): 8295383 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat - Alluvial plain / Aquitaine clay  
Depth (m) Sample description and drilling comments Hydrogeology 
0 Dark grey brown silty clay, moist at 50 cm, crumb surface graduating to sub-angular blocky structure, large roots and snails Topsoil 
(1.0) Red-brown silty clay, minor sub-angular quartz and sub-rounded Calcium carbonate (CaCO3) 
Subsoil 
(2.0) As above, becoming lighter in colour  
7.0 Yellow-brown sandy clay, minor sub-angular sandstone and quartzite plus sub-rounded black mineral (2–3 mm) 
Alluvial/ colluvial 
sediment 
14.0 Yellow-brown sandy clay, cream and grey marled sandstone chips, fine sub-rounded sand plus larger angular chips (3–8 mm)  
(18.0) Fine rounded clay sand with various coloured angular sandstone          (3–8 mm)  
(20.0) Fine yellow-brown sandy clay with cream to grey marled sandstone, pink and minor grey quartzite (3–12 mm).  
26.0 Yellow brown sandy clay as above with greater coarse fraction.   
(29.0) Rounded gravel stones to 10 mm.  
(31.0) Red-brown sandy clay  
32.0 Fine yellow-brown sandy clay, minor gravel Weathered basement? 
35.0 EOH  
   
   
   
   
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 194 
Depth drilled (m): 35.0 Casing total length (m): 32.75 Casing above ground (m): 0.42 
Casing diam. (mm): 100 Casing type: PN12 PVC Casing installation: Good 
Screen length (m): 11 Screen (m BGL): 15–20 & 26–32 Screen type: PVC 1.0 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): 2 
SWL (m BGL): 10.57 EC (mS/m): 220 pH: 8.2  
SWL date: 29/09/10 Method of fixing: Cemented in Construction type: Monitoring bore
Notes: Bore developed by airlifting (1.5 h). 
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Bore ID: 10WP42
Program: Weaber Plain (Ord Stage 2) 28/09/2010
Elevation: 23.22 m AHD top of casing (TOC) 29/09/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.42 m Steel
0 0.0 headworks
1 SILTY CLAY Cement
2 2.0  +0.05–1.0 m
3
4 Backfill
5 CLAY (drill-cuttings)
6  1.0–7.0 m
7 7.0
8 Bentonite
9 pellets
10 (12.5 kg)
11  7.0–8.0 m
12 SANDY CLAY PLAIN PVC
13 100 mm PN12
14  (+0.42–15.33)
15
16
17
18 18.0 SCREEN PVC
19 CLAY SAND 100 mm PN12
20 20.0 1.0 mm slots Graded
21 (15.33–20.33) sand
22 2–4 mm
23 PLAIN PVC (1000 kg)
24 100 mm PN12  8.0–35.0 m
25  (20.33–26.33)
26
27 SANDY CLAY
28 SCREEN PVC
29 100 mm PN12
30 1.0 mm slots
31 (26.33–32.33)
32
33 END CAP PVC
34 32.33 m 1 x centraliser
35 per 6 m casing
END OF HOLE                       35.0
NOTES:
Duration: 1.5 h
Flow rate: 2 L/s
Drilling commenced:
Bore completed:
BORE CONSTRUCTION DETAILS
Airlifting information
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Org: KIM Bore name: 10WP43 Project: Ord Supervisor/s: J. Simons 
Date: 26/06/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain, on southern boundary of proposed Lot 21B 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 23.96 E (m): 489290.66 N (m): 8287718.88 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat / Aquitaine clay  
Depth (m) Sample description and drilling comments Hydrogeology 
Surface Dark grey (10YR 4/1) cracking clay Topsoil—clay 
0.0–1.5 Dark greyish-brown (10YR 4/2) cracking clay Subsoil—clay 
1.5  Moderate brown (5YR 4/4) cracking silty clay  
(4.5) Moderate brown (5YR 4/4) silty clay  
7.5  Light brown (5YR 6/4) very fine sandy clay   
(11.0) Light brown (5YR 6/4) sandy clay with 5–10 mm sub-angular sandstone fragments with iron staining.  
(12.5) Increase in drill bit resistance  
12.5  
Very pale brown to off-white sandy (sub-rounded sands < 2 mm) silt/clay 
with very few 5–10 mm sub-angular sandstone fragments with minor iron 
staining. 
Weathered basement? 
14.0  
Pale yellowish-brown (10YR 6/2) sandy silt/clay with few 5–10 mm sub-
angular calcrete fragments, very few sub-rounded fine (up to 3 mm) 
alluvial gravels, few fine–medium (2–10 mm) dark grey (10YR 4/1) sub-
rounded ‘basalt’ gravels/fragments and sub-angular medium (5–10 mm) 
sandstone fragments with iron staining. 
Basement 
17.3 EOH  
   
   
   
   
   
   
   
   
   
   
Driller: Direct Drilling Drill method: Air core Drill bit diam. (mm): 115 
Depth drilled (m): 17.3 Casing total length (m): 10.24 Casing above ground (m): 0.51 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 3 Screen (m BGL): 6.73–9.73 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): nil 
SWL (m): Dry EC (mS/m): NA pH: NA 
SWL date: 01/07/10 Method of fixing: Threaded PVC 
casing installed using centralisers 
Construction type: Monitoring bore
Notes: Drill rods jammed in hole, one rod, drill bit and sub left in bottom of hole between 11.3–17.3 m; PVC 
installed above abandoned rod. 
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Bore ID: 10WP43
Program: Weaber Plain (Ord Stage 2) 26/06/2010
Elevation: 24.47 m AHD top of casing (TOC) 27/06/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.51 m Steel
0 0.0 headworks
1 CLAY Cement
2 1.5  +0.05–2.0 m
3 PLAIN PVC Backfill
4 50 mm PN18 (drill-cuttings)
5 CLAY & SILT  (+0.51–6.73)  2.0–5.0 m
6 Bentonite
7 7.5 SCREEN PVC pellets
8 50 mm PN18 (6 kg)
9 0.5 mm slots  5.0–6.0 m
10 SANDY CLAY (6.73–9.73)
11 Graded
12 12.5  END CAP PVC sand
13 SILT/CLAY SANDY 9.73 m 2–4 mm
14 14.0 (75 kg)
15 ABANDONED 6.0–17.2m
16 SANDSTONE (BASEMENT) DRILL ROD
17 17.3 & BIT
18 END OF HOLE
1 x centraliser
per 3 m casing
NOTES:
Duration: not airlifted
Flow rate: dry hole
Drilling commenced:
Bore completed:
Airlifting information
BORE CONSTRUCTION DETAILS
NB:
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Org: KIM Bore name: 10WP44 Project: Ord Supervisor/s: B. Paul & J. Simons 
Date: 26/06/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain Proposed Farmlands – south eastern boundary of Lot 20 
Datum: GDA94 Zone: 52 Location QC: DGPS AHD (m): 24.05 E (m): 490992.84 N (m): 8289155.37 
Landholder: Carlton Station / Crown Land (Lot 373 on Parcel 051355) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat / Cununurra clay (wet phase, map unit 1/5 bms) 
Depth (m) Sample description and drilling comments Hydrogeology 
0–2.5 Black cracking soil.  Firm when dry, silty, slightly sandy, brownish grey (5YR 4/1), fine–medium clay. Topsoil—black 
(2.5) Clay. Silty, slightly sandy, moderate brown (5YR 3/4), sand fine grained. Subsoil—clay 
5.0  Silt. Clayey, slightly sandy, soft, moderate brown (5YR 4/4), sand fine grained.  
9.0  Silt. Sandy, slightly clayey, moderate brown (5YR 4/4), minor small sandstone fragments.  
(10.0) Silt. Sandy, slightly clayey and clay, silty, moderate brown (5YR 4/4), minor small sandstone fragments.  
(11.0) Silt. Sandy, slightly clayey and clay, silty, moderate brown (5YR 4/4), minor sandstone fragments up to 5 mm in size.  
(12.0) Silt. Sandy, minor clay, moderate brown (5YR 4/4), sand fine-grained, minor sandstone fragments.  
(15.0) Silt. Sandy, slightly clayey, light brown (5YR 5/4), sand fine-grained.  
15.4  Sandstone, cemented, moderate reddish-brown (10R 4/6), very hard drilling. Basement 
15.7 EOH  
   
   
   
Driller: Direct Drilling Drill method: Air core Drill bit diam. (mm): 115 
Depth drilled (m): 15.7 Casing total length (m): 16.22 Casing above ground (m): 0.51 
Casing diam. (mm): 50 Casing type: PN18 PVC Casing installation: Good 
Screen length (m): 3 Screen (m BGL): 12.71–15.71 Screen type: PVC 0.5 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): nil 
SWL (m): Dry EC (mS/m): NA pH: NA 
SWL date: 01/07/2010 Method of fixing: Placed threaded PVC 
down inside of air-core rods 
Construction type: Monitoring bore
Notes: Dry hole 
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Bore ID: 10WP44
Program: Weaber Plain (Ord Stage 2) 26/06/2010
Elevation: 24.56 m AHD top of casing (TOC) 26/06/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.51 m Steel
0 0.0 headworks
1
2 Cement
3 CLAY  +0.05–4.0 m
4
5 5.0 Backfill
6 PLAIN PVC (drill-cuttings)
7 CLAY / SILT / FINE SANDS 50 mm PN18  4.0–9.5 m
8  (+0.51–12.71)
9 9.0 Bentonite
10 pellets
11 (12.5 kg)
12 SILT / FINE SANDS SCREEN PVC  9.5–10.3 m
13 50 mm PN18
14 0.5 mm slots Graded
15 15.4 (12.71–15.71) sand
16 SANDSTONE (BASEMENT)    2–4 mm
15.7  END CAP PVC (40 kg)
END OF HOLE 15.71 m  10.3–11.3 m
Fallback
11.3–15.7 m
NOTES:
Duration: 0.25 h
Flow rate: dry hole
Drilling commenced:
Bore completed:
BORE CONSTRUCTION DETAILS
Airlifting information
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Org: KIM Bore name: 10WP46 Project: Ord Supervisor/s: R. Smith 
Date: 29/09/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain, north of proposed Lot 9B 
Datum: GDA94 Zone: 52 Location QC: GIS AHD (m): 22.95  E (m): 486609 N (m): 8295879 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat – Gilgai / Aquitaine clay  
Depth (m) Sample description and drilling comments Hydrogeology 
0 Grey brown silty clay, moist at 50 cm, crumb surface graduating to sub-angular blocky structure, large roots and snails Topsoil 
(2.0) Red-brown clay, minor sand with 2–3 mm sub-rounded black gravel Subsoil 
(4.0) Orange-brown medium sandy clay with sub-rounded black gravel  
(5.0) Orange-brown gravelly clay with quartzite, sandstone and black gravel.  
   
 Resumed drilling 01/10/2010  
6.0 Orange-brown coarse sand, little clay Alluvial sediments 
(8.0) Grey sandy clay, few orange mottles, minor sub-rounded gravel + calcarenite  
(12.0) Tan sand, fine to coarse grained, iron stained calcarenite between 12–14 m   
(17.0) Grey/yellow-brown mottled sandy clay  
(24.0) As above plus 2–4 mm calcarenite and few sandstone chips  
(27.0) Yellow-brown sandy clay  
28.0 Yellow-brown clay with few quartzite chips Weathered shale 
(32.0) Heavy dark yellow-brown clay, few grey clay mottles  
(34.0) Dark grey heavy clay and soft grey shale Milligans Formation 
36.0 EOH  
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 178 
Depth drilled (m): 36 Casing total length (m): 28.9 Casing above ground (m): 0.35 
Casing diam. (mm): 100 Casing type: PN12 PVC Casing installation: Good 
Screen length (m): 16 Screen (m BGL): 12.55–28.55 Screen type: PVC 1.0 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): 2 
SWL (m BGL): 7.94  EC (mS/m): 205 pH: 8.2  
SWL date: 01/10/10 Method of fixing: Cemented in Construction type: Monitoring bore
Notes: 
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Bore ID: 10WP46
Program: Weaber Plain (Ord Stage 2) 29/09/2010
Elevation: 23.30 m AHD top of casing (TOC) 1/10/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.35 m Steel
0 0.0 headworks
1 CLAY Cement
2 2.0  +0.05–1.0 m
3 CLAY & GRAVEL (2–3 mm)
4 4.0 Backfill
5 SANDY CLAY & GRAVEL PLAIN PVC (drill-cuttings)
6 6.0 100 mm PN12  1.0–7.2 m
7 COARSE SAND (+0.35–12.55)
8 8.0 Bentonite
9 pellets
10 SANDY CLAY (12.5 kg)
11  7.2–9.0 m
12 12.0
13
14
15 SAND
16
17 17.0
18 SCREEN PVC
19 100 mm PN12
20 1.0 mm slots Graded
21 (12.55–28.55) sand
22 SANDY CLAY WITH 2–4 mm
23 CALCARENITE FRAGMENTS (750 kg)
24 (2–4 mm)  9.0–36.0m
25
26
27
28 28.0
29  END CAP PVC
30 28.55 m
31 CLAY
32
33
34 34.0
35 (WEATHERED BASEMENT) 1 x centraliser
36 END OF HOLE                            36.0 per 6 m casing
NOTES:
Duration: 1.5 h
Flow rate: 2 L/s
Drilling commenced:
Bore completed:
BORE CONSTRUCTION DETAILS
Airlifting information
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Org: KIM Bore name: 10WP47 Project: Ord Supervisor/s: R. Smith 
Date: 01/10/2010 Catchment: Keep River Sub-catchment: Weaber Plain – Border Creek 
Location: Weaber Plain, north of proposed Lot 12, east of 10WP42 
Datum: GDA94 Zone: 52 Location QC: GIS AHD (m): 22.85 E (m): 488298 N (m): 8295577 
Landholder: Carlton Station / Crown Land (Lot 711 on Plan 220360 & Lot 393 on Plan 58305) 
Land use: Pastoral grazing Year cleared: Uncleared 
Landform / Soil description: Flat / Aquitaine clay  
Depth (m) Sample description and drilling comments Hydrogeology 
0 Grey-brown clay, moist at 60 cm, organic crumb surface, sub-angular blocky structure @ 1.5 m Topsoil 
(1.5) Red-brown clay, minor sandstone to 3 mm Subsoil 
5.0 Red-brown fine sandy clay, minor sub-angular calcarenite (2–5 mm) with few sub-rounded black sand (2 mm) Alluvial sediments 
(8.0) Yellow and brown mottled sandy clay with calcarenite and little black sand as above  
(18.0) Yellow and grey mottled sandy clay  
(22.0) Red and grey mottled sandy clay, minor calcarenite  
(24.0) Yellow to red-brown sandy clay with calcarenite, small rounded sandstone and siltstone gravels  
32.0 Coarse sand  
33.0 Gravelly clay  
(35.0) Red-brown clay with sub-rounded coarse sand and gravel  
36.0 EOH  
   
   
   
   
   
   
   
   
   
Driller: Direct Drilling Drill method: Mud rotary Drill bit diam. (mm): 178 
Depth drilled (m): 36 Casing total length (m): 34.32 Casing above ground (m): 0.32 
Casing diam. (mm): 100 Casing type: PN12 PVC Casing installation: Forced 
Screen length (m): 6 Screen (m BGL): 28–34 Screen type: PVC 1.0 mm slots 
Annulus seal: Bentonite pellets Screen gravel: Graded sand 2–4 mm Yield (L/s): 1.25 
SWL (m BGL): 13.32 EC (mS/m): 65 pH: 8.3  
SWL date: 04/10/10 Method of fixing: Cemented in Construction type: Monitoring bore
Notes: Problem with clay bridging hole. 
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Bore ID: 10WP47
Program: Weaber Plain (Ord Stage 2) 1/10/2010
Elevation: 23.17 m AHD top of casing (TOC) 2/10/2010
Depth (m) Summary of strata Section Casing Fixing
TOC 0.32 m Steel
0 0.0 headworks
1 CLAY Cement
2 1.5  +0.05–1.0 m
3 CLAY WITH FEW
4 SANDSTONE FRAGMENTS (8 mm)
5 5.0
6 PLAIN PVC
7 100 mm PN12
8  (+0.32–28.00)
9 Backfill
10 (drill-cuttings)
11 SANDY CLAY, WITH MINOR  1.0–16.9 m
12 CALCARENITE (2–5 mm) & 
13 BLACK SAND (2 mm)
14
15
16 Bentonite
17 pellets
18 18.0 (12.5 kg)
19  16.9–18.0 m
20
21 SANDY CLAY 
22
23 Graded
24 24.0 sand
25 2–4 mm
26 (750 kg)
27  18.0–36.0m
28 SANDY CLAY & CALCARENITE
29 SCREEN PVC
30 100 mm PN12
31 1.0 mm slots
32 32.0 (28.00–34.00)
33 COARSE SAND                          33.0
34 CLAY, COARSE SAND & GRAVEL  END CAP PVC
35 34.00 m 1 x centraliser
36 END OF HOLE                            36.0 per 6 m casing
NOTES:
Duration: 3.0 h
Flow rate: 1.25 L/s
Drilling commenced:
Bore completed:
BORE CONSTRUCTION DETAILS
Airlifting information
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Appendix B: Recharge conceptual model 
In Section 4, we conclude that current evidence indicates that since 1993, significant 
recharge has occurred within the Weaber Plain and that this recharge is the cause of much 
of the watertable rise observed on the Weaber Plain and the nearby Keep River Plain. We 
attribute this pre-development rise (and its present and future impacts) to either direct and/or 
indirect effects of rainfall-derived recharge. Processes, such as recharge through macro-
structures in black soil and alluvial clays, associated with inundation and flooding during 
high-rainfall phases are implicated as the basis of the conceptual model. 
This conclusion is based on: 
1. patterns and timing of groundwater rise on the Weaber Plain and WA–NT manually 
measured and datalogged bores 
2. restricted impact of the ORIA (not extending beyond the D8 swamp area) 
3. lack of observed hydraulic connection between basement and alluvial aquifers 
(implicating a lack of bedrock contributions)  
4. distribution of groundwater salinity and chloride mass balance determinations of 
recharge, implying that a one-dimensional recharge model dominates the Weaber Plain 
away from the influence of the ORIA 
5. results of age determinations using chlorofluorocarbons (CFCs), showing modern waters 
beneath cracking clay soils  
6. soil variability and the capacity of Weaber Plain clays to leak. 
This discussion acknowledges that there remains uncertainty over the exact spatial domain 
and temporal distribution of recharge. However, we argue that the existing data and analysis 
supports use of this conceptual model and justifies its application in the KBR modelling. 
Further, the conceptual model is not exclusive; that is, it does not discount regional variability 
in processes and the conceptual model of Tickell et al. (2007) is used by KBR (2011) in the 
Keep River area. 
The conceptual model described here is primarily one that has been developed to define how 
recharge occurred in the past and is occurring under current land use and climatic 
conditions. The impact of forecast clearing and agriculture is evaluated using agricultural and 
water balance models, such as LEACHM, for specified locations and farming systems (KBR 
2011).   
The following notes elaborate the points listed above. 
1. Patterns and timing of groundwater rise 
Trends pre-clearing 
Historic bore data (before the start of the 1993–94 wet phase) is limited. However, those 
bores that existed across the Weaber Plain and nearby areas showed little year-to-year 
change in groundwater level, implying dynamic equilibrium during this period. The exception 
to this state of equilibrium occurred in the area north-east of Cave Spring Gap. In this area, 
Laws (1983) noted a rising trend of 0.14 m/yr, diminishing in magnitude with distance from 
the ORIA. He attributed these increases to groundwater outflow, noting some may also be 
attributed to recharge of excess surface water discharged from the ORIA. He described the 
recharge as occurring into a surficial ‘unconfined’ aquifer.  
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During the same period, away from influence of the ORIA (more than 10 km distant than the 
irrigated farms; north, east and south-east of Brown Ridge), groundwater levels were either 
stable or falling in the eastern Weaber Plain, near Keep River (30 km from the ORIA). This is 
consistent with observations of ’little or no’ recharge under vegetated conditions in average 
rainfall phases, implied by Laws (1983), Humphries et al. (1995), Tickell et al. (2007) and 
Smiths’ (2008) modelling of ORIA pre-development. 
In contrast, after 1993 and the onset of wetter conditions (about 30 per cent wetter, 
especially during the period 1998–2001), our review of bores (most drilled in 1996) indicated 
that rising trends had developed in all bores in all uncleared areas. This response was also 
observed in bores near Cave Springs Gap that had already experienced increases. These 
bores showed a pronounced new step. Moreover, this trend now also extended all the way to 
the Knox and Keep Valleys (50–60 km distant). Analysis of these trends by Lawrie et al. 
(2010) attributed this rise to in situ rainfall-recharge from the valley alluvium from both direct 
and indirect (floodwater) sources. Evidence was based on correlation between the timing and 
magnitude of bore responses and excess rainfall (defined using residual mass curves), plus 
hydrogeological factors (see Figure 6). 
Logger data can provide direct evidence of the amount and timing of recharge. In late 2009, 
several loggers were installed in some south-western bores and in 2010, another 10 
dataloggers were installed on the Weaber Plain. While much of the 2010 data cannot be 
accessed because of the extent of inundation (as at April 2011), some data is available from 
three 2009 loggers installed in Cave Spring Gap and the south-western Weaber Plain, plus 
two NRETAS dataloggers installed between 2004 and 2008 in the Keep River catchment 
alluvium (see Tickell et al. 2007).  
The three Cave Springs Gap and Weaber Plain bores show a groundwater level rise of 
greater than 0.5 m in the 2010 wet season, even though rainfall during this wet season was 
below average. The levels subsequently recess in the following dry (Figure B1). Bore Ord 5, 
which is located in cleared farmland in the Cave Springs Gap, shows more than a 1 m 
response to the wet season. In contrast, response in this bore to the irrigation season, while 
rapid, is less than 0.5 m. The water level declines as soon as the last irrigation finished in 
September 2010. Bores CS10 and WP6PB are located in native vegetation. Bore CS10 is 
adjacent (100 m south) to the edge of the D8 swamp, while WP6PB is 2 km down-gradient. 
Bore WP6PB begins to recede in March at the end of the wet season, while bore CS10 starts 
to recede and then maintains its level in response to fluctuations in irrigation discharge into 
the D8 swamp. When irrigation discharge ceases in October, it too recedes. At all three sites, 
the wet season response indicates that there was significant in situ wet season rainfall 
recharge. The two bores located in areas influenced by irrigation or irrigation discharge show 
an irrigation season-related response of reduced magnitude compared to the wet season 
responses. 
There was a similar pattern of water level response in the NT bores (Figure B2). However, in 
the longer, NT data series, the pattern is repeated over several seasons and at bores with 
deeper water levels (6–8 m BGL). The data indicates more significant recharge in the 
prolonged or extreme wet seasons, such as 2006. Manually observed data from nearby 
bores also show wet season peaks and dry season troughs. The water levels respond to the 
onset of the wet season at depth (about 10 m) beneath native vegetation on black soils 
overlying sandstone aquifers. While it could be argued that these responses indicate a 
pressure response from off-site recharge into, for example, underlying sandstone aquifers, 
data presented by Tickell et al. (2007) shows distinct peaks aligned with specific rainfall 
events, suggesting that in situ recharge is the dominant mechanism. 
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Figure B1 Bore water level responses to the onset of the 2010 wet season 
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Figure B2 Bore responses to the 2006–10 wet seasons at two sites on the black soil plains of the lower 
Keep River Plain in the Northern Territory 
Tickell et al. (2007) also note that there has been an 8 m rise in water levels under the Keep 
River Plain since the first records were gathered in 1970. More recent studies on water levels 
trends are yet to be published (D Yin Foo 2011, pers. comm., 23 May). In a regional context, 
evidence of the impact of wet phases on watertables in the northern tropics was first 
reviewed by Jolly and Chin (1991). They concluded that these wet phases (for example, in 
the 1970s) were responsible for rises in groundwater level up to 5 m in areas dominated by 
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native vegetation. Furthermore, large pulses of recharge and watertable rise (5–10 m), such 
as occurred at Legune Station after the wet in 2000, caused scattered areas of soil salinity to 
develop (Tickell & Hill 2001). The impact of the very wet years from 1994 to 2000 is 
characterised by Tickell and Hill (2001) from a bore at the nearby Rosewood Station 
(Figure B3). 
 
Figure B3 Bore responses to the 1994–2000 wet seasons on the black soil plains in the Northern Territory 
(Rosewood Station). Extract from Tickell and Hill (2001).  
Trends post-clearing 
Smith (2008) documents evidence of long-term rise (10–20 m) in the ORIA and attributes 
much of this rise to wet season recharge. Smith also acknowledges that irrigation practices 
and leaky infrastructure contribute to recharge, especially at a local scale. 
Smith’s (2008) review and a recent analysis of trends (KBR 2011, Appendix E) indicate that 
hydrographs are characterised by a linear rise until watertables are close to the surface. 
Within 2 to 10 m of the surface, they enter a ‘responsive’ phase, where the seasonality of 
both recharge and discharge are evident. However, it is important to note that just because 
seasonality is not evident at depth (where water levels are more than 10 m BGL), it does not 
mean recharge is absent. Pulses of recharge can be dampened by factors such as time and 
changes in storage. This issue is covered in hydrogeological texts and a recent theoretical 
paper by Bakker and Nieber (2009).  
2. Limited of impact of the ORIA  
The influence of the ORIA on groundwater levels in the western Weaber Plain has been 
inferred by Laws (1987) and documented by Lawrie et al. (2010). They describe a linear 
increase in groundwater levels up until 1993 and a step change thereafter. Both attribute the 
early increase to aquifer through-flow from farmland recharge via Cave Springs Gap. 
However Lawrie et al. (2010) attributed the step changes to the onset of wetter conditions, 
not increased aquifer through-flow. They implied that while the latter may increase gradually, 
it cannot be solely responsible for the step change because aquifer flow is controlled by 
gradual changes to the groundwater gradient in the palaeochannel. 
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The additional contributions from the ORIA discussed by Lawrie et al (2009) are related to 
irrigation tail water run-off (dry season flows that terminate in the D8 swamp) and the relative 
impact of regional (broad, wet season floodplain) run-off.  
In the past, 3–10 GL/yr (OIC 2010, unpublished data) of balancing flows were transferred to 
the D8 swamp in the dry season and as a result, the area flooded was consequently large 
(300–500 ha). As a result of improved application efficiency, balancing flows are now much 
less (1–3 GL/yr) and the swamp is smaller (about 100 ha). The period of balancing flows 
have maintained a variable area of saturated black soil (100-500 ha), with the watertable 
beneath this area equilibrating at 5 m. The consistent depth to watertable suggests that the 
permanently saturated clay soils have a relatively low leakage, and one that is managed by 
aquifer throughflow (KBR 2011).  
In addition to the ORIA impacts in the dry season, the D8 swamp area is subject to the 
impact of flooding generated by wet season rainfall, especially since the mid-1990s, when 
rainfall and runoff increased.  As a result, the area of the floodplain inundated has expanded, 
now regularly covering large areas (up to 2500 ha) of dry and cracked soils at the start of the 
wet. This expanded flooding zone includes large areas that overlie the palaeochannel and its 
fringing alluvial soils. 
We believe that over the recent period and the onset of extensive wet season flooding 
(coinciding with diminished D8 drain flows), recharge is now driven more by wet season 
pulses to groundwater than it has been previously. Continued monitoring with dataloggers 
will assess and/or refine this hypothesis. 
3. Lack of observed hydraulic connection between basement and alluvial 
aquifers  
There is a paucity of drilling or groundwater level data in the basement outcrop systems that 
surround the Weaber Plain to support a hypothesis for the existence of an alternative major 
source of recharge beyond the floodplain and palaeochannel. For many areas, the basement 
is dry (for example, bores 10WP43 and 44) and at only two locations (Point Springs and 
Cave Springs Gap) does groundwater locally outcrop from the indurated Proterozoic 
sandstone ridges that surround the Weaber Plain floodplain. This is in contrast to the 
situation documented by Tickell et al. (2007) in the lower Keep River floodplain where the 
basement of younger, friable Palaeozoic sandstones, hosts aquifers with heads slightly 
above the alluvium.  
Of the basement aquifers that may have a hydrologic influence on the alluvium, the most 
likely are the dolomite systems that occur to the north-west (Border Creek) and south-east 
(Sorby mine site located at the eastern end of the Pincombe Range). These represent 
relatively minor areas (about 5 per cent) in terms of the total area occupied by Proterozoic 
sandstones (Pincombe and Weaber Ranges) and Antrim Plateau volcanics. However, they 
are known to have a high permeability in areas of economic interest (for example, lead 
carbonate mine prospects in the Sorby mine site). Less is known about the limestone 
basement aquifers in the Border Creek area. Here, exploration drilling by Tenneco Minerals 
and Amity Exploration indicates that the heads in the basement are similar to those in the 
alluvium. Furthermore, the opportunity for interaction between the two aquifer types is also 
limited by the location and thickness of the Milligans Formation shale unit, which separates 
the basement and alluvial aquifers (Mory & Beere 1988). 
 
In the Sorby mine area, a small limestone complex comprised of lead carbonate, outcrops 
along the edge of the Pincombe range at the interface with the Knox Plain. Here, a strong 
interaction was found between the basement and limestone aquifers. However, this 
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interaction was initiated by pumping, prior to which heads in the limestone and 
palaeochannel were reported to be similar (Kinhill Pty Ltd, 2000). Under these conditions, it 
is unlikely that there is significant interaction between the alluvial and basement aquifers, and 
if any exists, it lies outside the Weaber Plain. 
4. Distribution of groundwater salinity and chloride mass balance 
determinations of recharge  
Long-term recharge rates can be estimated using the chloride mass balance technique 
(Allison & Hughes 1978). This method requires knowledge of groundwater chloride, rainfall 
chloride and mean annual precipitation. This technique was applied by Tickell et al. (2007) 
for three bores in clay profiles and three in Palaeozoic bedrock sandstones in the Keep River 
Plain. Based on the mean chloride values found in groundwater beneath cracking clays 
(7500 mg/L) and sandstones (18 mg/L), they estimated that mean annual recharge was 
0.1 and 40 mm/yr, respectively. Using this and other data, they concluded that recharge was 
minimal under cracking clay soils. 
A similar analysis was applied to 20 bores on the Weaber Plain using the same values (as 
Tickell et al. 2007) of rainfall chloride, an annual rainfall of 1000 mm/yr (based on average 
annual rainfall of 990 mm/yr from 1993–2010 at Ivanhoe Station) and mean chloride 
groundwater concentrations found under the Cununurra and Aquitaine soils (Figure B4). 
Estimated long-term recharge was 0.35 mm/yr under Aquitaine soils and 6.81 mm/yr under 
Cununurra soils (Table B1). The relative difference between the recharge values obtained for 
the units was not affected by omitting the data for bores in areas of mapping uncertainty, 
demonstrating the consistency of the result. 
The long-term recharge rates on the Weaber Plain are two orders of magnitude greater than 
those reported by Tickell et al. (2007). While hydrogeological variability may account for 
variance in basement recharge, this and the chlorofluorocarbon data below, suggests it is 
higher than previously forecast from vertisols under natural conditions. Flooding depth and 
intensity is implicated as another explanation, although insufficient data currently exists to 
test this theory. 
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Figure B4 Bores used to determine recharge using the chloride mass balance technique
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Table B1 Estimated groundwater recharge on the Weaber Plain using the chloride mass balance 
technique 
Bore name Major soil unit TDS  (mg/L) 
Chloride 
(mg/L) 
Recharge 
(mm/yr) 
Aquitaine and high TDS bores    
WP15# Cununurra–Aquitaine complex 12 000 4300 0.14 
WP16# Cununurra Clay 5 900 2400 0.25 
WP12M Aquitaine Clay 4 200 1430 0.42 
WP5 Aquitaine Clay 3 100 1060 0.57 
10WP38 Aquitaine Clay 4 900 1350 0.44 
10WP40 Aquitaine Clay 7 000 1310 0.46 
10WP41 Aquitaine Clay 11 000 4330 0.14 
Mean    0.35 (0.41) 
Cununurra and low TDS bores    
WP9 # Aquitaine Clay 1300 345 1.7 
10WP39# Aquitaine Clay 650 111 5.4 
10WP36N# Aquitaine Clay 810 107 5.6 
10WP36PB# Aquitaine Clay 620 67 9.0 
10WP36S# Aquitaine Clay 880 82 7.3 
WP17 Cununurra Clay 480 62 9.7 
10WP31 Cununurra Clay 200 35 17 
10WP32 Cununurra Clay 700 143 4.2 
10WP33 Cununurra Clay 630 158 3.8 
10WP35N Cununurra Clay 630 49 12 
10WP35PB Cununurra Clay 1000 205 2.9 
10WP35S Cununurra Clay 730 88 6.8 
10WP37 Cununurra Clay 1100 226 2.7 
Mean    6.81 (7.43) 
#  indicates bores that fall outside a soils mapping boundary. They are included in the category where their 
chloride value aligns to the local pattern of groundwater salinity. Values of mean recharge in parentheses do 
not include these bores. 
5. Results of age determinations using chlorofluorocarbons (CFCs) 
Lillicrap et al. (2011) determined that all four bores sampled for CFCs on the Weaber Plain 
contained groundwater with a modern recharge signature. These were located in Cununurra 
and Aquitaine soils. In contrast, in a study of the Keep River Plain, Tickell et al. (2007) 
indicated that only 2 of 13 bores contained CFCs and of particular note, none of the bores 
drilled into the Palaeozoic sandstone surrounding the plain contained CFCs. The only bores 
that contained CFCs were located on the valley alluvium (black cracking soils and red soils). 
Lillicrap et al.’s findings are inconsistent with the hypothesis of Tickell et al. that the 
Palaeozoic sandstone areas are the principal recharge zones and that the alluvial soils of the 
floodplains contribute negligible recharge. 
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The CFC data reported by both Lillicrap et al. and Tickell et al. suggests that it is more 
probable that the alluvial floodplain soils directly contribute most of the recharge to the 
underlying groundwater.  
6. Soil variability and the capacity of Weaber clays to leak  
Clay permeability and water-holding capacity have been determined to be the major sources 
of leakage, or recharge, through vertisols. Recent workshops have summarised work on this 
issue and current knowledge gaps (Silburn et al. 2003; Dugdale et al. 2009) and there are 
numerous technical reports quantifying detailed studies, such as Ringrose-Voase et al. 
(2003). 
From the research available, there are some conclusions relevant to recharge estimation on 
the black soils of the Weaber Plain. They include:  
• Experimental data and APSIM modelling indicate that higher than average rainfall years 
result in markedly increased leakage rates under all land uses, including woodland 
vegetation (with low leaf area index). 
• Evaluation of the relative contribution of macropores is poor, and the spatial and 
temporal variability limits the capacity to accurately forecast leakage at a landscape 
scale.  
Studies of soil hydraulic properties on the vertisols of the ORIA are limited. Of those that 
exist, KBR (2011) summarises data from Muchow and Wood (1981), Banyard (1983) and 
Gardner and Coughlan (1982), which indicate that vertisols have a saturated hydraulic 
conductivity (Ks, of matrix) of 1–4 mm/d. This value range is supported by work by Rose et al. 
(1979) that quotes the average saturated hydraulic conductivity of many sites on the ORIA to 
be 0.08 mm/d. Given inundation periods of several weeks to months during the wet seasons, 
long-term average annual recharge of 10–100 mm/yr is possible. This range is in agreement 
with the results of the chloride mass balance technique used to estimate recharge. 
More recent work by GHD (2010) and Smolinski et al. (2011) have documented subsoil 
conditions on the Weaber Plain. They determined black soil depths, subsoil materials, 
permeability and related soil chemistry. These studies found that the subsoils are often 
permeable. GHD describe sands immediately below the black soils in parts of Lots 2, 3, 15, 
16, 19 and 23. In situ subsoil tests undertaken by Smolinski et al. beneath the Cununurra 
soils overlying the palaeochannel, report Ks values of 400–800 mm/d. Beneath the Aquitaine 
subsoils, Ks of 40 mm/d were reported. 
In addition to these relatively high Ks values of the soil matrix now being reported, the 
cracking black soils have additional leakage potential via macropores. GHD (2010) and 
Smolinski et al. (2011) describe the potential for macropores (cracking clays) to the full depth 
of the black soils in Aquitaine areas and to depths of up to 1 m in Cununurra soils. This depth 
of cracking is similar to that described by Tickell et al. (2007) for black soils of the Keep River 
area. 
At the onset of flooding, there is therefore the potential for high rates of leakage to the base 
of the black soils and then into the underlying subsoils. The period for which this process can 
occur before effective closure of cracks (thus to saturated rates), remains uncertain.  
 
 
 
